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ROYAL MEDALS, 


HER MAJESTY QUEEN VICTORIA, in restoring the Foundation of 
the Royal Medals, has been graciously pleased to approve the following 
regulations for the award of them: 

That tbe Royal Medals be given for such papers only as have been presented to 
the Royal Society, and inserted in their Transactions. 

That the triennial Cycle of subjects be the same as that hitherto in operation: vie. 
1. Astronomy; Physiology, including the Natural History of Organized Beings. 

‘2. Physics; Geology or Mineralogy. 

3. Mathematics; Chemistry. 

That, in case no paper, coming within these stipulations, should be considered 
deserving of the Royal Medal, in any given year, the Council have the power of 
awarding such Medal to the author of any other paper on either of the several sub¬ 
jects forming the Cycle, that may have been presented to the Society and inserted 
in their Transactions; preference being given to the subjects of the year immediately 
preceding: the award being, in such case, subject to the approbation of Her Majesty. 


The Council propose to give one of the Royal Medals in the year 1849 for the 
most important paper in Physics, communicated to tbe Royal Society after the 
termination of the Session in June 1845, and prior to the termination of the Session 
in June 1848, and printed in the Philosophical Transactions. 


The Council propose also to give one of the Royal Medals in the year 1849 for 
the most important paper in Geology or Mineralogy, communicated to the Royal 
Society after the termination of the Session in June 1846, and prior to the termination 
ofttite Session in June 1848, and printed in the Philosophical Transactions. 
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The Council propose to give one of the Royal Medals in the year 1850 for the most 
important paper in Mathematics, communicated to the Royal Society after the 
termination of the Session inju^e 1846, and prior to the termination of the Session 
in June 1849, and printed in the Philosophical Transactions. 

The Council propose also to give one of the Royal Medals in the year 1850 for the 
most important paper in Chemistry, communicated to the Royal Society after the 
termination of the Session in June 1846, and prior to the termination of the Session 
in June 1849, and printed in the Philosophical Transactions. 
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The Council propose to give one of the Royal Medals in the year 1851 for the 
most important paper ip Astronomy, communicated to the Royal Society after 
the termination of the Session in June 1847, and prior to the termination of the 
Session in June 1850, and printed in the Philosophical Transactions. 

The Council propose also to give one of the Royal Medals in the year 1851 for the 
most important paper in Physiology, including the Natural History of Organized 
Beings, communicated to the Royal Society after the termination of the Session in 
June 1847, and prior to the termination of the Session in June 1850, and printed in 
the Philosophical Transactions. 

The Council propose to give one of the Royal Medals in the year >1852 for the 
most important paper in Physics, communicated to the Royal Society after the 
termination of the Session in June 1848, and prior to the termination of the Session 
in June 1851, and printed in the Philosophical Transactions. 

The Council propose also to give one of the Royal Medals in the year 1852 for the 
most important paper in Geology or Mineralogy, communicated to the Royal Society 
after the termination of the Session in June 1848, and prior to the termination of the 
Session in June 1851, and printed in the Philosophical Transactions. 
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PHILOSOPHICAL TRANSACTIONS. 


I. The Bakerian Lecture.— On the Diffusion of Liquids . 
By Thomas Graham, F.RJS* 9 F.C.S. 


Received November 16,—Read December 20, 1849. 


ANY saline or other soluble substance, once liquefied and in a state of solution, is 
evidently spread or diffused uniformly through the mass of the solvent by a sponta¬ 
neous process. 

It has often been asked whether this process is of the nature of the diffusion of 
gases, but no satisfactory answer to the question appears to be obtained, owing, I 
believe, to the subject having been studied chiefly in the operations of endosmose, 
where the action of diffusion is complicated and obscured by the imbibing power of 
the membrane, which is peculiar for each soluble substance, but no way connected 
with the diffusibility of the substance in water. Hence also it was not the diffusion 
of the salt, but rather the diffusion of the solution, which was generally regarded. 
A diffusibility like that of gases, if it exists in liquids, should afford means for the 
separation and decomposition even of unequally diffusible substances, and being of a 
purely physical character, the necessary consequence and index of density , should 
present a scale of densities for substances in the state of solution, analogous to vapour 
densities, which would be new to molecular theory. 

M. Gav-Lussac proceeds upon the assumed analogy of liquid to gaseous diffusion 
in the remarkable explanation which he suggests of the cold produced on diluting 
certain saline solutions, namely, that the molecules of the salt expand into the water 
like a compressed gas admitted into additional space. 

The phenomena of solubility are at the same time considered by that acute philo¬ 
sopher as radically different from those of chemical affinity, and as the result of an 
attraction which is of a physical or mechanical kind. The characters indeed of these 
two attractions are strongly contrasted. Chemical combination is uniformly attended 
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with the evolution of heat, while solution is marked with equal constancy by the pro¬ 
duction of cold. The substances which combine chemically are the dissimilar, while 
the soluble substance and its solvent are the like or analogous in composition and 
properties. 

In the consideration of solubility, attention is generally engrossed entirely by the 
quantity of salt dissolved. But it is necessary to apprehend clearly another character 
of solution, namely, the degree of force with which the salt is held in solution, or the 
intensity of the solvent attraction, quite irrespective of quantity dissolved. In the 
two solid crystalline hydrates, pyrophosphate of soda and sulphate of soda, we see 
the same ten equivalents of water associated with both salts, but obviously united 
with unequal degrees of force, the one hydrate being persistent in dry air and the 
other highly efflorescent. So also in the solutions of two salts which are equally 
soluble in point of quantity, the intensity of the attraction between the salt and the 
water may be very different, as exemplified in the large but feeble solubility in water 
of such bodies as the iodide of starch or the sulphindylate of potash, compared with 
the solubility of hydrochloric acid or of the acetate of potash, which last two sub¬ 
stances are capable of precipitating the two former, by displacing them in solution. 
Witness also the unequal action of animal charcoal in withdrawing different salts 
from solution, although the salts are equally soluble; and the unequal effect upon 
the boiling-point of water produced by dissolving in it the same weight of various 
salts. Besides being said to be small or great, the solubility of a substance has also 
therefore to be described as weak or strong. 

The gradations of intensity observed in the solvent force are particularly referred 
to, because the inquiry may arise how far these gradations are dependent upon un¬ 
equal diffusibility; whether indeed rapidity of diffusion is not a measure of the force 
in question. 

I have only further to premise, that two views may be taken of the physical agency 
by which gaseous diffusion itself is effected, which are equally tenable, being both 
entirely sufficient to explain the phenomena. 

On one theory, that of Dr. Dalton, the diffusibility of a gas is referred immediately 
to its elasticity. The same spring or self-repulsion of its particles which sends a gas into 
a vacuum, is supposed to propel it through and among the particles of a different gas. 

The existence of an attraction of the particles of one gas for the particles of all 
other gases is assumed in the other theory. This attraction does not occasion any 
diminution of volume of gases on mixing, because it is an attraction residing on the 
surfaces of the gaseous molecules. It is of the same intensity for all gases, hence its 
effect in bringing about intermixture is dependent upon the weight of the molecules 
of the gases to be moved by it; and the velocity of diffusion of a gas comes to have 
the same relation to its density on this hypothesis as upon the other*. 

* Both of the molecular theories of the diffusion of gases were first publicly explained, and at the same time 
ably discussed, with the reference to the law of diffusion which had been drawn from observation, by my late 
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The surface attraction of molecules assumed will recall the surface attraction of 
liquids, which is found necessary to account for the elevation of liquids in tubes and 
other phenomena of capillary attraction. 

(1.) An early preliminary experiment was made upon the liquid diffusion of a body, 
with whose diffusion as a gas we are already well acquainted, namely, carbonic acid 
dissolved in water. 

Two half-pound stoppered glass bottles were selected, of which the mouths were 
1*2 inch in diameter, and the lips were ground flat so as to close tight when applied 
together (fig. 1). One of them, placed firmly in an upright 
position, was filled to the base of the neck with carbonic acid 
water. Over this distilled water was poured, care being taken 
to disturb the liquid below as little as possible, in filling up 
the neck. The second bottle, filled with distilled water and 
inverted upon a glass plate, was slipped over the first at the 
water-trough. The solution of carbonic acid in the lower 
bottle was thus placed in free communication by an aperture 
of 1*2 inch, with an equal volume of pure water in the upper 
bottle. It was expected that the carbonic acid would be 
found, in time, equally diffused through both bottles. 

After forty-eight hours, the upper inverted bottle was again slipped off from the 
lower one, upon a glass plate, and the ratio of the gas found in the upper to that in 
the lower bottle determined by the weight of carbonate of baryta which the liquids 
of the two bottles afforded respectively. It was as 1*18 to 12 80 (about 1 to 11), 
instead of the ratio of equality, which would undoubtedly be the ultimate result of 
diffusion, were sufficient time allowed. 

After five days, in a second experiment with a weaker solution of carbonic acid, 
tbe gas was found to be distributed— 

In upper bottle . ... 1*63 
In lower bottle . . ■ . . 8 - 44 

or in tbe proportion of 1 to 5 nearly. 

In other experiments where the liquid in the upper bottle was a solution in water 
of nitrous oxide gas, instead of pure water, the carbonic acid of the lower bottle was 
also observed to diffuse into the liquid above it, as freely as it did into pure water in 
a comparative experiment; the ultimate ratios being 1 to 0*12 in tbe nitrous oxide 
liquid, and 1 to 0*10 in the water experiment. 

With the necks of the pair of bottles occupied by sponge charged with distilled 
water, the diffusion of the carbonic acid of tbe lower bottle proceeded with little 

friend Mr. T. S. Thomson of Clitheroe. A decided preference was given by Mr. Thomson, and also by the 
late Mr. Itoet, to the last, or tbe attraction theory of diffusion, over that of gases being vacua to each other. 
See FbiL Mag., Srd aeries, vol. xxv. pp. 51,382. 

82 
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change in its rapidity, or in the result when nitrons oxide was placed above it. The 
carbonic acid found in the upper bottle, and which had diffused into it from the 
lower, was 0 231 when the upper bottle contained water alone, and 0*339 when it 
was water charged with three-fourths of its volume of nitrous oxide gas,—to 1 car¬ 
bonic acid remaining undiffused in the lower bottle in both cases. 

It appeared, then, that the liquid diffusion of carbonic acid was a slow process 
compared with its gaseous diffusion, quite as much as days are to minutes. 

That this diffusion of the liquid carbonic acid takes place with undiminished vigour 
into water already saturated with nitrous oxide, the substance of all others most re¬ 
sembling carbonic acid in solubility and the whole range of its physical qualities. 
The diffusion of the liquid carbonic acid appears no more repressed by the liquid 
nitrous oxide, than the diffusion of gaseous carbonic acid is by gaseous nitrous oxide. 

But the chief interest of these observations was the practical solution which they 
give to the question, whether, in conducting experiments on liquid diffusion, acci¬ 
dental causes of disturbance and intermixture of two liquids, communicating freely 
with each other, can be avoided. It was made evident that little is to be feared from 
accidental dispersion when ordinary precautions are taken. 

An excess of density in the lower liquid of not more than -n>\nftb part is found 
adequate to prevent any considerable change of place of the latter,—from expansion 
by heat, accidental tremors and such disturbing causes, which must exist,—for days 
together. 

(2.) Another early inquiry was, how far is the diffusion of various salts governed 
or modified by the density of their solutions. 

Solutions of eight hydrated acids and salts were prepared, having the common den¬ 
sity of 1*200, and were set to diffuse into water in the following manner:— 

Eighteen or twenty six-ounce phiais were made use of to contain the solutions, and 
to form wbat I shall call the Solution phials or cells. They were of the same make 
and selected from a large stock, of the common aperture of 1*175 inch. Both the 
mouths and bottoms of these phials were ground flat. The mode of making an ex¬ 
periment was first to fill the phial to the base of the neck, or rather to a constant 
distance of 0*6 inch below the ground surface of the lip. A little disc of cork, pro¬ 
vided with a slight upright peg of wood, was then floated upon the solution in the 
neck, after having been first dipt in water. The neck itself was now filled up with 
pure water by means of a pointed sponge, the drop suspended from the sponge being 
made to touch the peg of the float, and water caused to flow in the gentlest manner, 
by slightly pressing the sponge. The only other part of the apparatus, the Water-jar, 
was a plain cylindrical glass jar, of which the inner surface of the bottom was flat or 
slightly concave, to giye a firm support to the phiai. The phial, with its solution 
only, was first placed in this jar partly filled with distilled water, and the neck of the 
former was then filled up with distilled water in this position, as before described, to 
avoid any subsequent movement The phial was ultimately entirely covered to the 
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depth of an inch with water, which required about 30 ounces of the 
latter, fig. 2 . The saline solution in the diffusion cell or phial thus 
communicated freely with about 5 times its volume of pure water, the 
liquid atmosphere which invites diffusion. Another modification of 
this procedure was the substitution of phials cast in a mould, of the 
capacity of 4 ounces, or more nearly 2080 grs., which were ground 
down to a uniform height of 3*8 inches. The neck was 1*25 inch in 
diameter and 0*6 inch in depth; and the phial was filled up with the 
solution to be diffused to that point. The solution cell or phial and the water-jar 
form together a Diffusion cell. 

The diffusion was stopt, after twenty-seven days in the present experiments, by 
closing the mouth of the phial with a plate of glass, and then raising it out of the 
water-jar. The quantity of salt or of acid which had found its way into the water- 
jar,—the diffusion product as it may be called,—was then determined by evaporating 
to dryness for the salts, and by neutralizing the same liquid with a normal alkaline 
solution for the acids. The quantities of the acids ditfused are estimated at present 
as protohydrates for the sake of comparison with the salts. 


Fig. 2. 

77 


Table I.—Diffusion of Solutions of Density 1*200. Temp. 66° Fahr. 



Placed in solution cell. 


Proportion of anhy¬ 
drous salt, or of acid 
protohydrate, to 100 
erf water. 



In grains. 

Ratio. 

Chloride of sodium . 

34*21 

225*5 

269-80 


Nitric acid. 

37*93 

227 

581*20 


Sulphuric acid ... 

29-03 

223 

455*10 


Chloride of potassium (density 1*178)... 

34-86 

221 



Bisulphate of potash . 

31-85 

216 

319*00 


Nitrate of soda . 

32-42 

220 

WlWim 


Sulphate of magnesia. 

22-38 

214 

95-87 


Sulphate of copper..... 

21-56 

213| 

77*47 



It appears that the diffusion from solutions of the same density is not equal but 
highly variable, ranging from 1 to 0*1333. 

The results also favour the existence of a relation between large or rapid diffusibi- 
lity and a high boiling-point. The latter property may be taken to indicate of itself 
a high degree of attraction between the salt and water. 
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PROFESSOR GRAHAM ON TUB DIFFUSION OF LIQUIDS. 

I. CHARACTERS OF LIQUID DIFFUSION. 

1. Diffusion of Chloride of Sodium. 

The characters of liquid diffusion were first examined in detail in the case of this 
salt. 

(1.) Do different proportions of chloride of sodium in solution give corresponding 
amounts of diffusion ? 

Solutions were prepared of chloride of sodium in the proportion of 100 water with 
1, 2, 3 and 4 parts of the salt. 

The diffusion of all the solutions was continued for the same time, eight days, at 
the mean temperature of 52°*5 Fahr. 


Proportion of salt to 100 water. 

! 

Diffusion product. | 

In grains. 

Ratio. 

1 

2-78 

1- 

2 

6-54 

1-99 

3 

8-37 

3*01 

4 

11*11 

4*00 


The quantities diffused appear therefore to be closely in proportion (for this salt) 
to the quantity of salt in the diffusing solution. The density of the solutions con¬ 
taining 1, 2, 3 and 4 parts of chloride of sodium, was at 60°, 1*0067, 1*0142, 1*0213, 
1*0285. The increase of density corresponds very nearly with the proportion of 
chloride of sodium in solution. A close approach to this direct relation is indeed 
observable in most salts, when dissolved in proportions not exceeding 4 or 5 per 
cent. 

The relation which appears in these results is also favourable to the accuracy of 
the method of experimenting pursued. The variation from the speculative result 
does not m any observation exceed 1 per cent. 

(2.) Is the quantity of salt diffused affected by temperature ? 

The diffusion of similar solutions of chloride of sodium was repeated at two new 
temperatures, 39°*6 and 67°, the one being above and the other below the preceding 
temperature. It was necessary to use artificial means to obtain the low temperature 
owing to the period of the season. A close box of double walls, namely, the ice-safe 
of the Wenham Ice Company, was employed, masses of ice being laid on the floor of 
the box, and the water-jars supported on a shelf above. The water and solution were 
first cooled separately for twenty-four hours in the ice-box, before the diffusion was 
commenced. It was found that the temperature could be maintained within a range 
of 2° or 3° for eight days. It was doubtful however whether the temperature was 
constantly the same to a degree or two in all the jarsj and the results obtained at 
an artificial temperature were always less concordant and sensibly inferior in preci¬ 
sion to observations made at the atmospheric temperature. 
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Diffusion of Chloride of Sodium. 


Proportion of salt to 100 water. j 


In grain!. 

‘Rgtfo, 

1 

At 39°-6 

8-63 

1- 

2 

At 39°-6 

5-87 

2-00 

3 

At 39°*6 

7*69 

2*92 

4 

At 39*°6 

10-00 

3*80 

1 

At 67° 

3*50 

!• 

2 

At 67° 

6*89 

1-97 

3 

At 67° 

9*90 

2-83 

4 

At 67° 

13*60 

3-89 


The proportionality in the diffusion is still well-preserved at the different tempe¬ 
ratures. The deviations are indeed little, if at all, greater than might be occasioned 
by errors of observation. The ratio of diffusion, for instance, from the solutions 
containing 4 parts of salt, is 3*80 and 3*89 for the two temperatures, which numbers 
fall little short of 4. 

The diffusion manifestly increases with the temperature, and as far as can be 
determined by three observations, in direct proportion to the temperature. The dif¬ 
fusion-product from the 4 per cent, solution increases from lOgrs. to 13*60, with a 
rise of temperature of 27°‘4, or rather more than one-third. Supposing the same 
progression continued, the diffusibility of chloride of sodium would be doubled by a 
rise of 84 or 85 degrees. 

(3.) The progress of the diffusion of chloride of sodium in such experiments as 
have been narrated, was further studied by intercepting the operation after it had 
proceeded for different periods of 2, 4, 6 and 8 days. The solution employed was 
that containing 4 parts of salt to 100 water. Two of the six-ounce phials were dif¬ 
fused at the same time for each period. The temperature given is the mean of the 
temperatures of a water-jar observed each day of the period. The daily fluctuation 
was not more than two or three-tenths of a degree Fahr. 

In 2 days, temperature 63°*7; the salt diffused was 4*04 and 3*86 grs.; mean 
3*95 grs. 

In 4 days, temperature 63°*7; the salt diffused was 6*78 and 7'12 grs.; mean 
6*95 grs. 

In 6 days, temperature 63°*8; the salt diffused was 10*02 and 9*70 grs.; mean 
9*86 grs. 

In 8 days, temperature 64°; the salt diffused was 13*00 and 13*25 grs.; mean 
13*12 grs. 

The proportion diffused in the first period of two days is given directly in the first 
experiments. The proper diffusion for each of the three latter periods of two days is 
obtained by deducting from the result of each period the result of the period which 
precedes it:— 
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Diffused in 1st two days.3*95 grs. 

Diffused in 2 nd two days. 3*00 grs. 

Diffused in 3rd two days.2*91 grs. 

Diffused in 4th two days.3*2$ grs. 


The diffusion appears to proceed pretty uniformly, if the amount diffused in the 
first period of two days be excepted. Each of the phials contained at first about 
108' grs. of salt, of which the maximum quantity diffused is 13*12 grs. in eight days, 
or 3^4 of the whole salt. Still the diffusion must necessarily follow a diminishing 
progression, which would be brought out by continuing the process for longer time, 
and appear at the earliest period in the salt of most rapid diffusion. 

All the experiments which follow being made like the preceding on comparatively 
large volumes of solution in the phial, and for equally short periods of seven or eight 
days, may be looked upon as exhibiting pretty accurately the initial diffusion of such 
solutions, the influence of the diminishing progression being still small. The volume 
of water in the water-jar is also relatively so large, that the experiment approaches 
to the condition of diffusion into an Unlimited Atmosphere. 


2 . Diffusion of various Salts and other Substances . 

With these notions regarding the influence of temperature and proportion of salt 
on the amount of diffusion, an examination was next undertaken of the relative dif- 
fusibility of a variety of salts and other substances. The results of this first survey 
I shall state as shortly as possible, as I consider these, as well as the experiments 
which preceded, as of a preliminary character. The experiments were all made by 
means of the diffusion phials already described, namely, the six-ounce phials, and 
with similar manipulations. 

In the following experiments, the diffusion took place at a temperature ranging 
from 62° to 59°, mean 60°*5, and was continued for a period of eight days; the 
proportion of salt in solution to be diffused being always 20 salt to 100 water, or 
1 to 5. I add as usual the density of the solutions. 

Table II.—Diffusion of solutions of 20 salt to 100 water, at 60°*5, for eight days. 


Name of salt. 

Density of 
solution at 60°. 

Anhydrous salt diffused. | 

In grains. 

Means. 

Chloride of sodium . 

1*1265 

58*5 


Chloride of sodium *. 

1*1265 

58*87 

58*68 

Sulphate of magnesia... 

1*185 

27*42 

27*42 

Nitrate of soda . 

1*120 

52*1 


Nitrate of soda *... 

1*120 

51*02 

51*56 

Sulphate of water. 

1*108 

68*79 


Sulphate of water. 

1*108 

69*86 

69*32 

Crystallized cane-sugar. 

1*070 

26*74 

26*74 

Fused cane-sugar ... 

1*066 

26*21 

26*21 

Starch-sugar (glucose). 

l*06l 

26*94 ! 

26*94 

Treacle dr cane-sugar . 

1*069 

32*55 

32*66 

Gum-arabic . 

1*060 

13*24 

13*24 

Albumen .. 

1*053 

3*08 

3*08 
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The following additional ratios of diffusion were obtained from similar solutions at 
a somewhat lower temperature, namely 48°;—chloride of sodium 100, hydrate of pot* 
ash 151*93, ammonia (from a 10 per cent, solution, saturated with chloride of sodium 
to increase its density) 70, alcohol (saturated with chloride of sodium) 7374, chloride 
of calcium 71*23, acetate of lead 45*46. 

Where two experiments upon the same salt are recorded in the table they are seen 
to correspond to within 1 part in 40, which may be considered as the limit of error in 
the present observations. It will be remarked that the diffusion of cane* and starch- 
sugar is sensibly equal, and double that of gum-arabic. On the other hand, the 
sugars have less thau half the diffusibility of chloride of sodium. It is remarkable 
that the specifically lightest and densest solutions, those of the sugars and of sulphate 
of magnesia, approach each other closely in diffusibility. On comparing together, 
however, two substances of similar constitution, such as the two salts, chloride of 
sodium and sulphate of magnesia, that salt appears to be least diffusive of which the 
solution is densest. 

But the most remarkable result is the diffusion of albumen, which is low out of 
all proportion when compared with saline bodies. The solution employed was the 
albumen of the egg, without dilution, but strained through calico and deprived of 
all vesicular matter. As this liquid, with a density of 1*041, contained only 14*69 
parts of dry matter to 100 of water, the proportion diffused is increased in the 
table to that for 20 parts, to correspond with the other substances. In its natural 
alkaline state the albumen is least diffusive, but when neutralized by acetic acid, a 
slight precipitation takes place and the liquid filters more easily. The albumen is 
now sensibly more diffusive than before. Chloride of sodium appears 20 times more 
diffusible than albumen in the table, but the disparity is really greater; for nearly 
one-half of the matter which diffused consisted of inorganic salts. Indeed the experi¬ 
ment appears to promise a delicate method of proximate analysis peculiarly adapted 
for animal fluids. The value of this low diffusibility in retaining the serous or albu¬ 
minous fluids within the blood-vessels at once suggests itself. 

Similar results were obtained with egg albumen diluted and well-beaten with 
1 and 2 volumes of water. The solution diluted with an equal bulk of water, and 
made slightly acid with acetic acid, contained 7\ dry matter to 100 water. Diffused 
from two four-ounce bottles of 1*25 inch aperture, for seven days, at a mean tempe¬ 
rature of 43°*5 Fahr., it gave products of 1*73 and 1*48 gr., from the evaporation of 
two water-jars, in which cubic crystals of common salt were abundant. The whole 
matter thus diffused in two cells was found to consistiof— 

Coagulable albumen.0*94 gr. 

Soluble salts.2*27 grs. 

3*21 grs. 

The diffusion product of the same solution of albumen left alkaline, or without the 
mdcccl c 
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addition of acetic add, in the same circumstances, was 1*41 and 1*30 grs. in two 


cells; and consisted of-— 

Coagulable albumen.0*63 gr. 

Soluble salts.1*98 gr. 


2*61 grs. 

The diffusion product of a solution of 7$ parts of chloride of sodium to 100 water, 
from similar cells and for the same time and temperature, would amount to about 
30 grs. of salt. It is to be remarked also that 5*53 grs. of the ignited salt diffused 
from albumen contained 1*32 gr. of potash or 23*9 per cent., which is a high propor¬ 
tion, and indicates that salts of potash diffuse out more freely from albumen than 
salts of soda. 

Nor does albumen impair the diffusion of salts dissolved together with it in the 
same solution, although the liquid retains its viscosity. Three other substances, 
added separately in the proportion 5 parts to 100 of the undiluted solution of egg 
albumen, were found to diffuse out quite as freely from that liquid as they did from 
an equal volume of pure water: these were chloride of sodium, urea and sugar. 
Urea proved to be a highly diffusible substance. It nearly coincided in rate with 
chloride of sodium. 

A second series of salts were diffused containing 1 part of salt to 10 of water ; a 
smaller proportion of salt which admits of the comparison of a greater variety of 
salts. The temperature during the period of eight days was remarkably uniform, 
60 c —59°. 


Table III.—Diffusion of solutions of 10 salt to 100 water at 59°*5. 


Name of salt. 

Density of 
solution at 60°. 

Anhydrous salt diffused. j 

In grains. 

Means. 

Chloride of sodium. 

1-0668 

32*3 


Chloride of sodium. 

1-0668 

32*2 

32-25 

Nitrate of soda .. 

1-0622 

30*7 

30-7 

Chloride of potassium ... 

1-0596 

40*15 

40*15 

Chloride of ammonium. 

1*0280 

4020 

40*20 

Nitrate of potash . 

1-0589 

35*1 


Nitrate of potash . 

1-0589 

36-0 

35*55 

Nitrate of ammonia . 

1-0382 

35*3 

35*3 

Iodide of potassium . 

1-0673 

37-0 

37*0 

Chloride of baHum ... 

1-0858 

27-0 

! 27*0 

Sulphate of water . 

1-0576 

37*18 


Sulphate of water .. 

1-0576 

36-53 

36*05 

Sulphate of magnesia.. 

1-0965 

16-3 


Sulphate of magnesia..*. 

1-0965 

15-6 

15*45 

Sulphate of zinc. 

1-0984 

15-6 


Sulphate of zinc. 

1-0984 

16-0 

15*80 


Before adverting to the, relations in diffusibility which appear to exist between 
certain salts in the -preceding table, I may state the results of the diffusion of the 
same solutions at a lower temperature. 
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Tabus IV.—Diffusion of solutions of 10 salt to 100 water at 37°*5. 


Name of salt. 

Anhydrous salt diffused. | 

In grains. 

Means. 

Chloride of sodium . 

££*£1 


Chloride of sodium . 

££•74 

££•47 

Nitrate of soda . 

££*53 

Nitrate of soda . 

£8*05 

££•79 

31*14 

Chloride of ammonium. 

31*14 

Nitrate of potash . 

£8*84 

Nitrate of potash . 

£8*56 

£8*70 

£9*19 

Nitrate of ammonia .. 

£9*19 

£8*10 

Iodide of potassium .. 

£8*10 

Chloride of barium ... 

£1*4£ 

£1*4£ 

Sulphate of water . 

31*11 1 

Sulphate of water . 

£8*60 

£9*85 

Sulphate of magnesia .. 

13*03 ! 

Sulphate of magnesia . 

13*11 | 

13*07 

Sulphate of zinc.< 

11*87 i 

Sulphate of zinc.1 

13*33 ! 

1£*60 


The near equality of the quantities diffused of certain isomorphous salts is striking 
at both temperatures. Chloride of potassium and chloride of ammonium give 40*15 
and 40*20 grs. respectively in the first table. Nitrate of potash and nitrate of 
ammonia 35*55 (mean) and 35*3 grs. respectively in the first table, and 28*70 and 
29*19 grs. in the second table. Sulphate of magnesia and sulphate of zinc 15*45 
and 15*8 grs. (means) in the first table, with 13*07 and 12*60 grs. in the second. 
The relation observed is the more remarkable, that it is that of equal weights of the 
salts diffused, and not of atomically equivalent weights. In the salts of ammonia 
and potash, this equality of diffusion is exhibited also, notwithstanding considerable 
differences in density between their solutions; the density of the solution of chloride 
of ammonium, for instance, being 1*0280 and that of chloride of potassium 1*0596. 
It may have some relation however, but not a simple one, to the density of the solu¬ 
tions ; sulphate of maguesia, of which the solution is most dense, being most slowly 
diffusive; and salts of soda being slower, as they are generally denser in solution, than 
the corresponding salts of potash. Nor does it depend upon equal solubility, for in 
none of the pairs is there any approach to equality in that respect. 

A comparison was now made of the diffusibility of several acids. They were dif¬ 
fused from the same six-ounce phials, and for eight days. Solutions were prepared in 
the proportion of 4 parts of the anhydrous acid to 100 parts of water. The quantity 
of acid which diffused into the water-jar was estimated by the proportion of carbo¬ 
nate of soda which it neutralized. 
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Table V.—Diffusion of acid solutions (4 acid to 100 water) at 59 0- 3. 


Name of add. 

Density of 
solution at 60°. 

Anhjrdroot uid dUftatcd. I 

In grains. 

Meant. 

Nitric acid. 

1*0243 

29*21 




28*19 

28*7 

Hydrochloric acid. 

1*0225 

34*22 



33*99 

34*1 

Sulphuric acid . 

1*0317 

18*71 



18*26 

18*48 

Acetic acid. 

1*0094 

19*13 



i 

17*19 

18*16 

Oxalic acid . 

1*0235 

12*38 




12*38 

12*38 

Arsenic acid . 

1*0320 

12*16 




12*16 

12*16 

Tartaric acid. 

1*0194 

9*90 

! 



9*69 

9-79 

Phosphoric acid. 

1*0284 

9*09 



9*09 

9*09 

Chloride of sodium . 

1*0285 

12*32 

12*32 


Considerable latitude thus appears to exist in the diffusibility of the different acids. 
To make the result for nitric acid fairly comparable with that for hydrochloric acid, 
the former should be increased in the proportion of 54 to 63, that is estimated as 
nitrate of water. This calculation gives 33 - 5 grs. of nitrate of water diffused, which 
approaches closely to 34'1 grs., the quantity for chloride of hydrogen or hydrochloric 
acid. The quantity of Boda neutralized by the sulphuric and hydrochloric acids dif¬ 
fused was as 14*32 to 28*97, or nearly as 1 to 2. Sulphuric and acetic acids, on the 
other band, appear to be equally diffusible. Phosphoric acid is the least diffusible 
acid in the series, presenting only about half the diffusion product of the two last- 
mentioned acids. The solution of phosphoric acid had been boiled for half an hour 
before diffusion, and was therefore in the tribasic state. The same precaution was 
not thought of for arsenic acid, although it is possibly required by this acid also. 
These two acids do not exhibit the equality of diffusion anticipated from their recog¬ 
nized isomorphism, but it is to be stated that the acidimetrical method of analysis 
followed is not so properly applicable to these two acids as it is to all the others. 

3. Diffusion of Ammoniated Salts of Copper. 

It was interesting to compare together such related salts as sulphate of copper, the 
ammoniated sulphate of copper or soluble compound of sulphate of copper with 
2 equivs. of ammonia and the sulphate of ammonia. It is well known that metallic 
oxides, or subsalts of metallic oxides, when dissolved in ammonia or the fixed alkalies, 
are easily taken down by animal charcoal. This does not happen with the ordinary 
neutral salts of the same acids, which are held in solution by a strong attraction. 
Supposing the existence of a scale of the solvent attraction of water, the preponde¬ 
rance of the charcoal attraction will mark a term in that scale. And if the solvent 
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force is nothing more than the diffusive tendency, it will follow that salts which can 
be taken down by charcoal must be less diffusible than those which cannot. 

Of sulphate of ammonia and sulphate of copper, solutions were prepared, consist¬ 
ing of 4 anhydrous salt to 100 water, the sulphate of ammonia being of course taken 
as NH 4 0 .S0 3 . The solution of the copper salt was divided into two portions, one 
of which had caustic ammonia added to it in slight excess, so as to produce the azure 
blue solution of animonio-sulphate of copper. • 

The solutions were diffused for eight days, at a mean temperature of 64°‘9 for the 
sulphates and nitrates, and 67°*7 for the chlorides. 


Table VI.—Diffusion of solutions, 4 salt to 100 water. 


Name of salt. 

Density of solution j 
at temperature of 
experiment, < 

Anhydrou* salt 
diffused in grains. 

Sulphate of ammonia. 

1-0235 

12-13 

Sulphate of ammonia. 

1-0235 

11-96 

Sulphate of copper . 

1-0369 i 

6-19 

Sulphate of copper . 

1-0369 

6-61 

Ammonio-sulphate of copper . 

1-0308 

1-45 

Animonio-sulphate of copper . 

1*0308 

1*43 

Nitrate of ammonia . 

1-0136 

16-15 

Nitrate of amraouia . 

1*0136 

15*44 

Nitrate of copper . 

1*0323 

9*77 

Nitrate of copper .... 

1-0323 

9*77 

Ammonio-nitr&te of copper .. 

1-0228 

1*77 

Ammonio-nitrate of copper . 

1*0228 

1*36 

Chloride of ammonium.! 

1*0100 

16*18 

Chloride of ammonium. 

1*0100 

17*00 

Chloride of copper . 

1*0328 

10*83 

Chloride of copper . 

1*0328 

10*48 

Annnomo-rhloride of copper . 

1*0209 

4*54 

Ammonio-chloride of copper . 

1-0209 

3*94 


It is to be observed, that in preparing the ammoniated salts, the solutions of the 
neutrul salts of copper were slightly diluted by the water of the solution of ammonia 
added to them, so that the proportion of salt of copper which they possessed was 
sensibly reduced below 4 per cent. On the other hand, the copper salt which diffused 
out is estimated, not as ammoniated, but as neutral salt. It will be observed that the 
quantity of sulphate of copper diffused out in the experiments falls from 6 35 in the 
neutral salt to I'44gr. in the ammoniated salt; of nitrate of copper from 9*77 to 
P56, aud of chloride of copper from 10'65 to 4’24. These numbers are to be taken 
only as approximations; they are sufficient however to prove a much reduced dif- 
fnsibility in the ammoniated salts of copper. 

It will be remarked that the nitrate of ammonia and chloride of ammonium ap¬ 
proximate, 15'80 and 16'59 grs.; as do also the nitrate and chloride of copper, 9*77 
and 10’65 grs.; the chlorides, which were diffused at the higher temperature by 2 0, 8, 
exceeding the nitrates in both cases. 
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4. Diffusion of Mixed Salts. 

When two salts can be mixed without combining, it is to be expected that they will 
diffuse separately and independently of each other, each salt following its special 
rate of diffusion. 

(1.) Anhydrous sulphate of magnesia and solphate of water (oil of vitriol), one 
part of each, were dissolved together in 10 parts of water, and the solution allowed 
to diffuse for four days at 61°‘5. 

The water-jar was found to have acquired— 

Sulphate of magnesia . . . 5*60 grs. 

Sulphate of water . . . . 2192 grs. 

27*52 grs. 

The experiment with the same diffusion cell and liquid being continued for a 
second period, this time of eight days, there was found to be simultaneously dif¬ 
fused, of— 

Sulphate of magnesia . . . 9*46 grs. 

Sulphate of water .... 29*32 grs. 

3878 grs. 

It is obvious that the inequality should be greatest in the first period of diffusion, 
or with the initial diffusion, as it actually appears above, and become less and less 
sensible as the proportion of the low diffusive salt conies to be increased in the solu¬ 
tion phial. 

In former experiments upon the solution of sulphate of magnesia alone in water, 
as 1 salt to 10 water, compared with sulphate of water, also as 1 to 10, the disparity 
in the diffusion of these two salts was less considerable, being only as 1 to 2*385, 
instead of 1 to 3 or 4. 

(2.) A solution was also diffused of 1 part of anhydrous sulphate of soda and 1 part 
of chloride of sodium in 10 parts of water, for four days at 61°*5. The salt which 
diffused out in that time consisted of— 

Sulphate of soda.9*48 grs. 

Chloride of sodium .... 17*80 grs. 

27*28 grs. 

The sulphate of soda in the last experiment had begun to crystallize in the solu¬ 
tion phial, from a slight fall of temperature, before the diffusion was interrupted, a 
circumstance which may have contributed to increase the inequality of the propor¬ 
tions diffused of these two salts. 

(3.) A solution of equal weights of anhydrous carbonate of soda and chloride of 
sodium, namely, of 4 parts of the one salt and 4 parts of the other, to 100 water, was 
diffused from 3 four-ounce phials of 1*25 inch aperture, at a mean temperature of 57°*9 
and for seven days. The diffusion product amounted to 17 * 10 , 17*58 and 18*13 grs. 
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of mixed salt in the three experiments. The analysis of the last product of 18* 13 grs. 
gave— 

Carbonate of soda. 5*68 31*33 

Chloride of sodium.12*45 68*67 

18*13 100*00 

Here the carbonate of soda presents a diffusion less than one-half of that of chlo¬ 
ride of sodium. The difference is again greater than the peculiar diffusibiiities of 
the same salts as they appear when the salts are separately diffused. For in experi¬ 
ments made in the same phials with solutions of 4 parts of each salt singly to 100 
water, but with a lower temperature by 3°*6, namely, at 54°*3, the diffusion product 
of the carbonate of soda was 7*17 and 7*34 grs. in two experiments, of which the 
mean is 7*25 grs.; while the diffusion product of the chloride of sodium was 11*18 
and 10*73 grs. in two experiments, of which the mean is 10*95 grs. The quantity of 
chloride of sodium diffused being taken at 100 in both sets of experiments, we have 
diffused— 

Of carbonate of soda 66*18, when diffused singly. 

Of carbonate of soda 45*64, when diffused with chloride of sodium. 

The least soluble of the two salts appears in all cases to have its diffusibility 
lessened in the mixed state. The tendency to crystallization of the least soluble salt 
must evidently be increased by the admixture. Now it is this tendency, or perhaps 
more generally the increased attraction of the particles of a salt for each other, 
when approximated by concentration, which most resists the diffusion of a salt, and 
appears to weaken the diffusive force in mixtures, as it is also found to do so in a 
strong solution of a single salt. 

(4.) Equal weights of nitrates of potash and ammonia dissolved, as in certain pre¬ 
ceding experiments, in five times the weight of the mixed salts of water, and diffused 
for eight days, gave in two experiments— 



At 59°-4. 

At 52°-6. 

Nitrate of potash . . 

. . . 28-39 

2588 

Nitrate of ammonia . 

. . . 3616 

30-36 


64*55 

56*24 


The inequality in the diffusion of these two nitrates is singular, considering that 
in solutions of 1 salt to 10 water, they appeared before to be equally diffusive. 
But on now comparing the diffusion of solutions of 1 salt to 5 water, at 52°*6, the 
salts no longer diffused in equal proportions:— 

Nitrate of potash gave .... 57*93 grs. 

Nitrate of ammonia gave.... 82*08 grs. 

The solution of nitrate of potash last diffused was nearly a saturated one, while 
that of nitrate of ammonia is far from being so. The first has its divisibility, in 
consequence, impaired, and falls considerably below the second. 



M0OB88OR GRAB Alt OM HI DtFMHKNI Of UQtWDS. 


16 

Ifce relatively diminished difusibility of sulphate of magnesia, when associated 
with sulphate of water, is probably connected with a similar circumstance; sulphate 
of magnesia being less soluble in dilute sulphuric acid than in pure water. 

(S.) The salt which diffused from a strong solution of snlpbates of sine and mag¬ 
nesia, consisting of 1 part of each of these salts in the anhydrous state and 6 parts of 
water, did not consist of the two salts in exactly equal proportions. The mixture of 
salts, diffused for eight days, as in the late experiments, gave the following results:— 



Exp. I. 

II. 

in. 

Sulphate of zinc . . 

.... 8*12 

7*40 

8*12 

Sulphate of magnesia 

.... 8*68 

8*60 

8*75 


16*80 

16*00 

16*87 


There is therefore always a slight but decided preponderance of sulphate of mag¬ 
nesia, the more soluble salt, in the diffusion product. These last experiments were 
made at an early period with another object in view, namely, to ascertain whether in 
closely related salts, such as the present sulphates of magnesia and zinc, the two salts 
might be elastic to each other, like the particles of one and the same salt, so that one 
salt might possibly suppress the diffusion of the other, and diffuse alone for both. 
The experiments lend no support to such an idea. 

It appears from all the preceding experiments, that the inequality of diffusion 
which existed, is not diminished but exaggerated in mixtures, a curious circumstance, 
which has also been observed of mixed gases. 

5. Separation of Salts of different Bases by Diffusion. 

It was now evident that inequality of diffusion supplies a method for the separa¬ 
tion, to a certain extent, of some salts from each other, analogous in principle to the 
separation of unequally volatile substances by the process of distillation. The potash 
salts appearing to be always more diffusive than the corresponding soda salts, it 
follows, that if a mixed solution of two such salts be placed in the solution phial, 
the potash salt should escape into the water atmosphere in largest proportion, and 
the soda salt be relatively concentrated in the phial. This anticipation was fully 
verified. 

(1.) A solution was prepared of equal parts of the anhydrous carbonates of potash 
and soda in 5 times the weight of the mixture of water. Diffused from a email thou¬ 
sand-grain phial of 1*1 inch aperture, into 6 ounces of water, for nineteen days, at a 
temperature above 60°, it gave a liquid of density 1*0350, containing a considerable 
quantity of the salts. Of these mixed salts, converted into chlorides by the addition 
of hydrochloric acid, 0*30 grs,, being treated with bichloride of platinum in the usual 
manner, gave 10*30 grs. of the double chloride of platinum and potassium, equivalent 
to5*01grs. of chloride of potassium; and left in solution 3*44 grs. of chloride of 
sodium; loss 0*04 gr. These chlorides represent 5*46 grs. of carbonate of potash and 
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3*19 grs. of carbonate of soda. The salts actually diffused out were therefore in the 


proportion of— 

Carbonate of soda. . ..36*37 

Carbonate of potash.63*63 


100*00 

(2.) In another similar experiment from a six-ounce phial into ounces of water, 
the liquid of the water-jar, after twenty-five days’ diffusion, contained the two carbo¬ 
nates in nearly the same proportions as before, namely— 


Carbonate of soda.35*2 

Carbonate of potash.64*8 


100 0 

(3.) A partial separation of the salts of sea-water was effected in a similar manner. 

The sea-water (from Brighton) was of density 1*0265. One thousand grs. of the 
liquid yielded 35*50 grs. of dry salts, of which 2*165 grs. were magnesia. The dry 
salts contain therefore 6*10 per cent, of that earth. 

Six thousand-grain phials, of 1 * 1 inch aperture, were properly filled with the sea¬ 
water and placed in six tumblers, each of the last containing 6 ounces of water. 
Temperature about 50°. The diffusion was interrupted after eight days. The salts 
of the sea-water were now found to be divided as follows:— 

Diffused into the tumblers .... 92*9 grs., or 36*57 per cent. 

Remaining in the phials.161*1 grs., or 63*43 per cent. 

254*0 100*00 

Rather more than one-third of the salts has therefore been transferred from the 
solution phials to the water-jars by diffusion. 

Of the diffused salts in the tumblers, 46*5 grs. were found to contain 1*90 gr. mag¬ 
nesia, or 4*09 per cent. Hence we have the following result:— 

Magnesia originally in salts of sea-water . . . 6*01 per cent. 

Magnesia in salts diffused from sea-water . . . 4*09 per cent. 

The magnesia, also, must in consequence be relatively concentrated in the‘liquid 
remaining behind in the diffusion cells. 

A probable explanation may be drawn from the last results of the remarkable dis¬ 
cordance in the analysis of the waters of the Dead Sea, made by different chemists 
of eminence. I refer to the relative proportion of the salts, and not their absolute 
quantity, the last necessarily varying with the state of dilution of the saline water 
when taken up. The lake in question falls in level 10 or 12 feet every year, by eva¬ 
poration. A sheet of fresh water of that depth is thrown over the lake in the wet 
season, which water may be supposed to flow over a fluid nearly 1*2 in density, 
without greatly disturbing it. The salts rise from below into the superior stratum 
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by tbe diffusive process, which wilt bring up salts of the alkalies with more rapidity 
than salts of tbe earth, and chlorides, of either class, more rapidly than sulphates. 
The composition of water near tbe surface must therefore vary greatly, as this pro¬ 
cess is more or less advanced. 

(4.) I may be allowed to add another experiment which is curious for the pro¬ 
tracted immobility of a column of water which it exhibits, as weU as for tbe separa¬ 
tion occurring, which last may be interesting also in a geological point of view, A 
plain glass cylinder with a foot, i 1 inches in height, and of which tbe capacity was 
64 cubic inches, had 8 cubic inches poured into it of a Batarated solution of carbonate 
of lime in carbonic acid water, containing also 300 grs. of chloride of sodium dis¬ 
solved. Distilled water was then carefully poured over tbe saline solution, so as to 
fill up the jar, a float being used and the liquid disturbed as little as possible in tbe 
operation. The mouth of the jar was lastly closed by a ground glass [date, and it 
was left undisturbed upon the mantelpiece of a room without a fire, from March 20 to 
September 24 of the present year, or for six months and four days. Afterwards, on 
removing the cover, the fluid was observed not to have evaporated sensibly, and it 
exhibited no visible deposit. This I was not surprised at, as no deposit appeared in 
a similar experiment with tbe jar uncovered, after the lapse of six weeks. The liquid 
in the former jar was now carefully drawn off by a small siphon with the extremity 
of both its limbs recurved so as to open upwards, in four equal portions, which may 
be numbered from above downwards. Equal quantities of the four strata of liquids 
gave tbe following proportions of chloride of sodium and carbonate of lime:— 


No. 

1 . 

Chloride of sodium. 
2191 

Carbonate of lime. 
010 

No. 

2. 

23-41 

0*22 

No. 

3. 

23-55 

0*38 

No. 

4. 

23-99 

0*42 


Tbe diffusion of the chloride of sodium has therefore not yet reached complete uni¬ 
formity, although approaching it, the proportion of that salt obtained from the top 
and bottom strata being as 11 to 12. But the diffusion of tbe carbonate of lime ap¬ 
pears much less advanced, the proportion of tbat substance being as 1 to 4 at the 
top and bottom of tbe liquid column. The slight difference in density of tbe strata, 
it may be further remarked, must have been sufficient to preserve such a column of 
liquid entirely quiescent, as shown by tbe distribution of the carbonate of lime, during 
tbe considerable changes of temperature of the season. 

Chemical analysis, which gives with accuracy the proportions of acids and bases in 
a eolation, furnishes no means of deciding how these acids and bases are combined, 
or what salts exist in solution. But it is possible that light may be thrown on the 
constitution of mixed salts, at least when they are of unequal diffusibility, by means 
of a diffusion experiment. With reference to sea-water, for instance, it has been n 
question in what form tbe magnesia exists, as chloride or as sulphate; or bow much 
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exktta in the one form and how much in the other. Knowing however the different 
rates of diffusibility of these two salts, which is nearly chloride 2 and sulphate l, and 
their relation to die diffusibility of chloride of sodium, we should be able to judge from 
the proportion in which the magnesia travels in company with chloride of sodium, 
whether it is travelling in the large proportion of chloride of magnesium, in the small 
proportion of sulphate of magnesia, or in the Intermediate proportion of a certain 
mixture of chloride and sulphate of magnesia. But here we are met by a difficulty. 
Do the chloride of magnesium and sulphate of magnesia necessarily pre-exist in sea¬ 
water In the proportions in which they are found to diffuse ? May not the more easy 
diffusion of chlorides determine their formation in the diffusive act, just as evapora¬ 
tion determines the formation of a volatile salt—producing carbonate of ammonia, 
for instance, from bydrochiorate of ammonia with carbonate of lime in the same 
solution ? We shall see immediately that liquid diffusion, as well as gaseoos evapo¬ 
ration, can prdduce chemical decompositions. 


6. Decomposition of Salts by Diffusion. 

(1.) At an early period of the inquiry, a solution was diffused of bisulphate of pot¬ 
ash, saturated at 68° and of density 1*280, from the six-ounce phial of 1*175 inch aper¬ 
ture, into 20 ounces of water. The period of diffusion extended to fifty days. About 
the middle of that period, a few small crystals of sulphate of potash, amounting pro¬ 
bably to 3 or 4 hundredths of a grain, appeared in the diffusion cell and never after¬ 
wards dissolved away. When terminated, the liquid remaining in the solution cell 
was found of density 1*154; that in the water-jar 1*0326. A portion of the latter 
liquid gave by analysis— 

Sulphate of potteh.1 „ , hate „ f h 

Sulphate of water.11*47J v r 

Sulphate of water.1277 


44*61 

It thus appears that the bisulphate of potash undergoes decomposition in diffusing, 
and that the acid diffuses away to about double the extent, in equivalents, of the sul¬ 
phate of potash. This greater escape of the acid will also account for the deposition 
of crystals of the neutral sulphate in the solution cell. 

(2.) A similar experiment was made with another double sulphate of greater stabi¬ 
lity, common potash-alum, The solution of 4 anhydrous alum in 100 water, was 
diffused from the six-ounce phial into 24 ounces of water, at 64°*2, for eight days. 
The quantity of salt diffused in that time amounted only to 7*48 grs. It contained 
l*0d gr. alumina, which is equivalent to 5*33 grs. of alum. The diffused salt gave off 
no acid vapours at 000°. We may therefore suppose the excess of salt which is dif¬ 
fused to be suljphate of potash. The diffusion product of alum, at 64°, appears to be— 

' } ' Alum . . . . . . . 5*33 71*26 

v * Sulphate of potash. ; . 2*15 28*74 

7*48 

* D 2 


100*00 
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Ill it second experiment, tbe diffusion product amounted to G<39 gro., of which 
0*95 gr. was alumina; and it is represented by 477 alum and 1*52 sulphate of potash* 

In connexion with the loir diffnsibility of tbe sulphate of alumina of alum, it was 
found that tbe addition of caustic potash to the alum solution, so as to convert it into 
an aluminate of potash, increased the diffusibility of the alumina. The diffusion pro¬ 
duct from tbe 4 per cent, solution of alum so treated contained 1*62 gr. of alumina 
in one experiment and 1*54 in another. 

As alnm is a salt of great stability, it presents a severe test of the influence in ques¬ 
tion. The decomposition of this double salt by diffusion was further confirmed there¬ 
fore in experiments made by means of the four-ounce diffusion phials of 1*25 inch 
aperture, and the alteration which the salt undergoes in the process more exactly 
ascertained. The experiments were made at a mean temperature of 57°‘9, and lasted 
seven days; the solution employed being of 4 anhydrous alum to 100 water, as 
before. 

In three experiments, the salt diffused out amounted to 573, 5*80 and 5*65 grs.; of 
which the mean is 5*73 grs. The latter quantity gave 0*82 alumina and 3*22 sul¬ 
phuric acid, which correspond to 4*11 anhydrous alum and 1*62 neutral sulphate of 
potash. Or, we have as the diffusion product of alum, in 100 parts— 


Alum.71 73 

Sulphate of potash.28*27 

100*00 


This analysis corresponds closely with the diffusion product of the former ex¬ 
periments, which gave 71'26 per cent, of alum. The solution of alum which 
remains behind in the solution phials must of course acquire an excess of sulphate of 
alumina. 

The salt, sulphate of alumina, did not appear to be decomposed when diffused 
alone. A four per cent, solution of the hydrated sulphate of alumina, which is manu¬ 
factured at Newcastle, when diffused in the same circumstances as the preceding 
solutions of alum, gave 3*40 grs. of anhydrous sulphate of alumina, in which tbe 
acid was to the alumina as 2*95 equivalents of the former to 1 equivalent of the latter, 
or as nearly as possible in tbe proportion of 3 equivalents of acid to 1 of base. As 
the Newcastle salt contained almost exactly half its weight of water, the 3*40 grs. of 
anhydrous salt diffused out are equivalent to 6*80 grs. of hydrated sulphate of alu¬ 
mina. The sulphate of alumina appears thus to be more diffusive than the double 
sulphate of alumina and potash, in the proportion of 6 80 to 5*73* 

(3.) It was interesting to observe what really diffuses from the ammoniated sul¬ 
phate of copper (C^O, S0 3 ,2NH 3 +HO), and to find if the low diffusibility of that 
salt is attended with decomposition. The diffusion of tbe ammoniated sulphate of 
copper was therefore repeated from a 4 per cent, solution in the six-ounce solution 
phial, for eight days, at 64°*2. In evaporating tbe water of the jar afterwards, the 
ammoniated sulphate of copper present was necessarily decomposed, by tbe escape of 
ammonia, and a subsulpbate of copper precipitated. Tbe copper found, however, was 
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estimated as neutral sulphate of copper. The diffusion product of two experiments 
map be represented as follows, in grains:— 


Sulphate of copper . 

I. 

11. 

0*97 

Sulphate of ammonia 

. . . . , 5*46 

5*53 


6*27 

6*50 


The abundant formation and separation of sulphate of ammonia in these experi¬ 
ments, prove that the ammoniated sulphate of copper is largely decomposed in 
diffusion. 

(4.) Perhaps the most interesting result of this kind is a solution which is given 
of the problem of the decomposition of the alkaline sulphates by means of lime. 

Solutions were prepared of $ per cent, of sulphate of potash and of chlorides of 
potassium and sodium in lime-water. Two solution phials were filled with each of 
these solutions, and placed for diffusion in water-jars filled with lime-water, at 49°, 
for seven days. 

In the sulphate no deposition of crystallized sulphate of lime took place within 
the solution phial, while the water-jar acquired an alkaline reaction, which remained 
after precipitating the lime entirely by carbonic acid gas and evaporating twice to 
dryness. Hydrate of potash, it will afterwards appear, is an eminently diffusive salt, 
having double the diffusibiiity of sulphate of potash. The tendency of the former 
to diffuse enables the affinity of the lime for sulphuric acid to prevail, and the alkali 
is liberated and diffused away into the external atmosphere of lime-water. By the 
latter, hydrate of lime is returned to the solution cell and the decomposition con¬ 
tinued. The salt diffused in the two cells amounted to 2*60 grs., of which 0*62 gr., 
or 23 85 per cent., was hydrate of potash. The chlorides of potassium and sodium, 
on the contrary, were not sensibly decomposed. 

It is known that a precipitation of sulphate of lime may occur, with a larger pro¬ 
portion of sulphate of potash in lime-water, in a close phial without external diffusion. 
As the decomposition of the sulphate of potash, in the latter case, has been referred 
to the insolubility of the sulphate of lime, so the decomposition in the former circum¬ 
stances is referred, in a similar sense, to the high diffusibiiity of hydrate of potash. 

7- Diffusion of Double Salts. 

How is the diffusion of two salts affected by their condition of combination as a 
double salt l A solution of the double sulphate of magnesia and potash, in the pro¬ 
portion of 100 water to 4 anhydrous salt, was operated upon in the four-ounce diffu¬ 
sion phials of 1*25 inch aperture, with a period of diffusion of seven days, at 57°*9 
Fahb. The diffusion product of the double salt was 8*09 and 7*81 grs. in two expe¬ 
riments : mean, 7*95 grs. 

The constituent salts, sulphate of magnesia and sulphate of potash, were now dis- 
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solved separately, in the proportions in which they existed in the double salt, namely, 
1:65 gr. anhydrous sulphate of magnesia in 100 water, and 2'35 gre. sulphate of pot¬ 
ash in 100 water, making up together 4 parts of salts. The two solutions thus con¬ 
tain equivalent quantities of the different sulphates. 

. The separate diffusion of the sulphate of magnesia was 2*09,2*11 and 2*4® grs. in 
three cells; and of the sulphate of potash, 5*83, 5*97 and 5*54 grs. in three cells; the 
circumstances of the experiments being the same as those of the doable salt. The 
means of the two salts are 2*20 and 5*78 grs. *, and the sum of the two means 7*98 grs. 
The result is, that the separate diffusion of the constituent salts is almost identical 
with tbeir diffusion when combined as a double salt:— 

Diffusion of the double sulphate of magnesia and potash . . . 7*95 grs. 
Diffusion of equivalents of sulphate of magnesia and sulphate ofl Qg 

potash in separate cells. S' 

It wonld thus appear that the diffusibility of this doable salt is the sum of the 
separate diffusions of its constituent salts. 

It has been a question whether a double salt is formed at once when its constituent 
salts are dissolved together, or not till the act of crystallization of the compound salt. 
Equivalents of the same two sulphates, making up 4 parts, were dissolved together 
without heat in 100 water. Now the diffusion from this mixture, which has the com¬ 
position of the preceding solution of the double salt, exhibited notwithstanding a 
sensibly different result of diffusion, giving 7*28, 7*37 and 7*20 grs. in three cells 
mean, 7*30 grs. The diffusion of the double salt was greater, namely, 7*95 grs. 
Hence a strong presumption that the mixed salts last diffused were not combined, and 
that the doable sulphate of magnesia and potash is not necessarily formed imme¬ 
diately upon dissolving together its constituent salts. 

In early experiments of a similar nature made upon the double salt, sulphate of 
copper and potash, and upon a mixture of the two sulphates newly dissolved together, 
a similar result was obtained. While the diffusion of the mixed salts was 25*6 grs., 
that of the same weight of the combined salts (the double sulphate) was 30 grs. The 
double salt appears more diffusible, in both cases, than its mixed constituents. 

These double salts appear to dissolve in water without decomposition, although the 
single salts may meet in solution without combining. Hence in a mixture of salts 
we may have more than one state of equilibrium possible. And wben a salt, like 
alum, happens to be dissolved in such a way as to decompose it, the constituents are 
not necessarily reunited by subsequent mixing. Many practices in the chemical arts, 
which eeetn empirical, have their foundation possibly in facts of this kind. 


8. Diffusion of one Salt into the Solution of another Salt. 

It was curious and peculiarly important, in reference to the relation of liquid to 
gaseous diffusion, to find whether one salt A would diffuse into water already charged 
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with an equal or greater quantity of another salt B, as a gas « freely diffuses into the 
space already occupied by another gas b ; the gas b in return diffusing at the same 
time into the space occupied by a. Or whether, on the contrary, the diffusion of the 
salt A is resisted by B. The latter result would indicate a neutralization of the water's 
attraction, and a kind of equivalency or equality of power and exchangeability of dif¬ 
ferent salts, in respect of that effect, which would divide entirely the phenomena of 
liquid from those of gaseous diffusion. 

(1.) A solution of 4 parts of carbonate of soda to 100 water, of density 1-0406, was 
placed in the six-ounce diffusion pbial of 1*176 inch aperture, and allowed to commu¬ 
nicate with 24 ounces of water. 

Two similar diffusion phials, equally charged, were immersed in 24 ounces of a solu¬ 
tion of 4 parts of chloride of sodium to 100 water, having the density 1*0282. The 
diffusion proceeded for eight days, in all cases, at 64°. The proportion of carbonate 
of soda found without in the water-jar afterwards, was ascertained by an alkalime- 
trical process, the neutralization being effected at the boiling-point. The following 
are the results:— 


Experiment I. Diffusion prodoct into water. . . 
Experiment 11. Diffusion product into solution of 

chloride of sodium. 

Experiment III. Diffusion product into solution of 
chloride of sodium. 


9*06 grs. of carbonate of soda. 
8*82 grs. of carbonate of soda. 

9*10 grs. of carbonate of soda. 


It thus appears that 4 per cent, of chloride of sodium present in the water atmo¬ 
sphere of the jar has no sensible effect in retarding the diffusion into it, from the 
solution cell, of carbonate of soda from a solution containing also 4 per cent, of 
the latter. 

(2.) The experiment was varied by allowing the solution of carbonate of soda to 
diffuse into a solution of sulphate of soda, a salt more similar to the former in solu¬ 
bility and composition. The solution of the latter, containing 4 per cent., was of 
density 1*0352. The temperature and period of diffusion were the same as before:— 

Experiment IV. Diffusion product into ..lotion cf} crtonnte ofwda. 

sulphate of soda.J 

Experiment V Dfflbeion product into .elution of 1 rf ^ 

sulphate of soda. J 


Here we find a small reduction in the quantity of carbonate of soda diffused, 
amounting to one-eighth of the whole. The sulphate of soda has therefoHNfikercised 
a positive interference in checking the diffusion of the carbonate to that extent. So 
small and disproportionate an effect however is scarcely sufficient to establish the 
existence of a mutual elasticity and resistance between these two salts. 

St iff |t might be said, may not the diffusion of one salt be resisted by another salt 
which is strictly iaomorphous with the first? 







St fwaraftgon.GftABAii m nt mkdwm or uqksv. 

,^3.) A solution of 4 parts «f nitrate of potash to 100 of water, of density 14841, 
placed in the solution phial, was allowed to communicate with water containing 4 peer 
cent, of nitrate of ammonia in the water-jar, which last solution was of density 1*0190; 
with all other circumstances as before. With one solution phial having the usual 
aperture, 1*175 inch, the diffusion product was 15*33 grs. of nitrate of potash. With 
a second phial, having a larger aperture of 1* 190 inch, the diffusion product was 18*03 
grs. of nitrate of potash. No comparative experiment, on the diffusion of nitrate of 
potash into water, was made at the same time. But nitrate of ammonia, which ap¬ 
peared before to coincide in diffusibility with nitrate of potash, gave on a former 
occasion, in similar circumstances, and at 64°*9, nearly the same temperature, a dif¬ 
fusion product of 15*80 grs. The quantity of nitrate of potash (15*33 grs.) which 
diffused into the solution of nitrate of ammonia approaches so closely to the number 
quoted, that we may safely conclude that the diffusion of nitrate of potash is not 
sensibly resisted by nitrate of ammonia, although these two salts are closely isomor- 
phous. They are still therefore inelastic to each other, like two different gases. 

These experiments have been made upon dilute solutions, and it is not at alt im¬ 
possible that the result may be greatly modified in concentrated solutions of the same 
salts, or when the solutions approach to saturation. But there is reason to appre¬ 
hend that the phenomena of liquid diffusion are exhibited in the simplest form by dilute 
solutions, and that concentration of the dissolved salt, like compression of a gas, is 
attended often with a departure from the normal character. 

On approaching the degree of pressure which occasions the liquefaction of a gas, 
an attraction appears to be brought into play, which impairs the elasticity of the gas; 
so on approaching the point of saturation of a salt, an attraction of the salt molecules 
for each other, tending to produce crystallization, comes into action, which will inter¬ 
fere with and diminish that elasticity or dispersive tendency of the dissolved salt 
which occasions its diffusion. 

We are perhaps justified in extending the analogy a step further between the cha¬ 
racters of a gas near its point of liquefaction and the conditions which we may assign 
to solutions. The theoretical density of a liquefiable gas may be completely disguised 
under, great pressure. Thus, under a reduction by pressure of 20 volumes into 1, 
while the elasticity of air is 19*72 atmospheres, that of carbonic acid is only 16*70 at¬ 
mospheres, and the deviation from their normal densities is in the inverse proportion. 
Of salts in solution the densities may be affected by similar causes, so that although 
different salts in solution really admit of certain normal relations in density, these 
relations may be concealed and not directly observable. 

, The analogy of .liquid diffusion to gaseous diffusion and vaporization is borne out 
in every character of the former which has been examined. Mixed salts appear to 
diffuse independently of each other, like mixed gases, and into a water atmosphere 
already charged with anothensalt as into pure water. Salts also are unequally diffusible, 
like :the gases, and separations, both mechanical and chemical (decompositions), are 
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produced by liquid u well as by gaseous diffusion. Bet it Mill remains to be found 
whether the diffusibilkies of different salts are in any fixed proportion to each other, 
as simple numerical relations are known to prevail in the diffusion velocities of the 
gases, from which their densities are deducible. 

It was desirable to make numerous simultaneous observations on the salts com¬ 
pared, in order to secure uniformity of conditions, particularly of temperature. The 
means of greatly multiplying the experiments were obtained by having the solution 
pbial cast in a mould, so that any number of solution cells could be procured of the 
same form and dimensions. The phials were of the form represented (fig. 3), Fig 3 
holding about 4 ounces, or more nearly 2080 grs. of water to the base of the 
neck, and the mouths of all were ground down, so as to give the phial a uni¬ 
form height of 3*8 inches. The mouth or neck was also ground to fit a gauge- 
stopper of wood, which was 0*5 inch deep and slightly conical, being 1*24 
inch in diameter on the upper, and 1 *20 inch on the lower surface. These 
are therefore the dimensions of tiie diffusion aperture of the new solution cells. 

A little contrivance to be used in filling the phials to a constant distance of half an 
inch from the surface of the lip, proved useful. It was a narrow slip of brass plate, 
having a descending pin of exactly half an inch in length 
fixed on one side of it (fig. 4). This being laid across the 
mouth of the phial with the pin downwards in the neck, 
the solution was poured into the pbial till it reached the 
point of the pin. The brass plate and pin being removed, 
the neck was then filled up with distilled water, with the aid of the little float as be¬ 
fore described. The water-jar, in which the solution phial stood, was filled up with 
water also as formerly, so as to cover the phial entirely to the depth of 1 inch. This 
water atmosphere amounted to 8750 grs., or about 20 ounces. A glass plate was 
placed upon the mouth of the water-jar itself to prevent evaporation. Sometimes 80 
or 100 diffusion cells were put in action at the same time. The period of diffusion 
chosen was now always exactly seven days, unless otherwise mentioned. 

II. DIFFUSION OF SALTS OF POTASH AND AMMONIA. 

Solutions were prepared of the various salts, in a pure state, in certain fixed pro¬ 
portions, namely, 2, 4, 6$ and 10 parts of salt to 100 parts of water by weight. The 
density of these solutions was observed by the weighing-bottle, at 60°. The solutions 
were frequently diffused at two different temperaturesj one, the temperature of the 
atmosphere, which was fortunately remarkably constant daring most of the experi¬ 
ments to be recorded at present, and the other, a lower temperature, obtained in a 
close box of large dimensions, containing masses of ice. The results at the artificial 
temperature were obviously less accurate than those of the natural temperature, but 
have still considerable value. Three experiments were generally made upon the diffu¬ 
sion of each solution at the higher, with two experiments at the lower temperature. 

mdcccl. s 


Fig. 4. 
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(1.) The carbonate and sulphate of potash and sulphate of ammonia were first dif¬ 
fused during a period of seven days, of which the temperatures observed by a ther¬ 
mometer placed near the water-jars were 64 0- 5,65°, 63 0, 5,63°, 63°, 63°*S, 03° and 66°; 
mean temperature 64°‘2. 


Table VII.—Diffusion of Carbonate of Potash, Sulphate of Potash and Sulphate 

of Ammonia. 


Parts of anhydrous salt to 100 water. 

Density of 
solution at 60°. 

At 64°*2. 

At 37°*6, J 

Experiments. 

Mean. 

Experiments. 

Mean. 

Carbonate of potash. 






2 

1*0178 

5*36 


3*80 




5*55 

5*45 

3*91 

3*85 

4 

1*0347 

10*39 


6*99 




10*11 

10*25 

M9 

7-09 

H 

1*0572 

16*50 


11*42 




16*46 


11*08 

11*25 



17-05 

16*67 



10 

1*0824 

24*42 






24*94 




_.-. 


24*70 

24*69 



Sulphate of potash. 






2 

1*0155 

5*62 


3*93 




5*42 

5*52 

3*98 

3*95 

4 

1*0318 

10*49 


7*50 



! 

10*65 

10*57 

7-31 

7*40 

H 

1*0512 

17*07 


11*62 




16*89 


11*71 

11*66 



17*54 

17-17 



10 

1*0742 

23*40 






23*59 






23*88 

23-62 



Sulphate of ammonia, NH 4 O. SO*. 




1 


2 

1*0117 

5*71 


3*73 




5*45 

5-58 

3*79 

3*76 

4 

1*0229 

10*72 


7*64 



i 



7-86 j 

7*70 


1*0369 

17*28 






16*28 



10*96 



16*80 

16-79 



10 

1*0529 

21*86 






22*49 






22*25 

22*20 




The diffusion product was obtained by evaporating the water of each jar separately 
as before, and the result is expressed in grains. 

It will be observed at once, on comparing the means of the experiments, that the 
three salts under consideration are remarkably similar in their diffusion, particularly 
with the smaller proportions of salt. Thus the mean diffusion of the 2,4,6f and 10 
parts of the salts is as follows:— 
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Diffusion at 64° - 2. 


«7 


; 1 

1 

4. 

«*- 

10. 

Carbonate of potash . 

5*45 

10*25 

16-67 

24-69 

Sulphate of potash... 

5*52 

10*57 

17-17 

23-62 

Sulphate of ammonia. 

5*58 

10*51 

16-79 

22-20 


Diffusion at 37°'6. 



2. 

4. 

«*• 

Carbonate of potash . 

3*85 

7-09 

11-35 

Sulphate of potash.... 

3*95 

7-40 

11-66 

Sulphate of ammonia.. 

3*76 

7-70 

10*96 


The proportions diffused are sensibly equal, of the different salts, at the higher 
temperature, with the exception of the largest proportion of salt, 10 per cent., when 
a certain divergence occurs. This last fact is consistent with our expectations, that 
the diffusion of salts would prove most highly normal in dilute solutions. Some of 
the irregularities at the lower temperature are evidently of an accidental kind. 

(2.) The neutral chromate and acetate of potash were diffused at a temperature 
ranging from 63° to 65°, or at a mean temperature of 64°*1, which almost coincides 
with the higher temperature of the last experiments. 

Table VIII. —Diffusion of Chromate of Potash and Acetate of Potash, at 64 ° 1 . 


Ports of anhydrous salt 
to 100 water. 

Density of 
solution at 60°. 

Experiments. 

Mean. 

Chromate of potash. 




2 

1*0158 

5-79 

5-66 




5*86 

5*77 

4 

1*0313 

11*10 

11*35 




11*13 

11*19 

61 

1-0512 

17-76 

17-72 

17-32 

17-60 

10 

! 

1-0750 

1 

24*49 

24*92 

24*85 

24-76 

Acetate of potash. 

! 



2 

1*0095 

5*93 

5*75 

5*88 

5*85 

4 

1*0184 

10*55 

10*56 

10*98 

10*70 


1*0306 

16*53 

16*06 

16*84 

16*48 

10 

1*0447 

24*27 

24*82 



I 

25*46 

24*85 















PROFESSOR OBAHAW ON HI MVKMUOW .OKiilQaMI. 


We have the same close correspondence in tbe diSbaua products of them two.salts 
as in the preceding group, and here the correspondence extends to the to percent; 
solution. *' 1 ' 


Diffusion at 64°*1. 



2. 

4. 

«§• 

: to. 

rhrnmfttfl pf potash .. 

8*77 

6*85 

11*19 

10*70 

f -,J 

17*61* 

16-48 

*4-75 

84-85 

Acetate of potash . 



Tbe 10 per cent, solution of these taro salts also agrees with the same solution of 
carbonate of potash, which was 24*69 grs. Nor do the lower proportions diverge 
greatly from the preceding group of salts. 

(3). Another pair of salts were simultaneously diffused, but with an accidental dif¬ 
ference of 0°*4 of temperature. 

Table IX.—Diffusion of Bicarbonate of Potash, KO. C0 2 + HO. C0 2 , at 64 0, 1 , 
and Bichromate of Potash, KO. 2CrO a , at 64°*5. 


Parti of anhydrous salt 

Density of 
solution 
at 60°. 

At 64°-l and 64°-5. j 

to 100 water. 

Experiments. 

Mean. 

Bicarbonate of potash. 




2 

1*0129 

5*74 

5*77 

5*91 

5*81 

4 

1*0252 

10*75 

11*16 

11*13 

11*01 

Bichromate of potash. 


5*64 

5*73 

5*59 


2 

1*0139 

5-65 

4 

1*0273 

11*55 

11*54 

11*39 

11-49 


Here again tbe two salts approach closely in diffusion, and also correspond well 
with the two preceding series. 


Mean Diffusion at 64°*1 and 64°*5. 



2. 

4. 

Bicarbonate of potash . 

Bichromate of potash . 

5-81 

5-65 

11*01 

11*49 


It is singular to find that salts differing so much in constitution and atomic weight 
as the chromate and bichromate of potash, may be confounded in diffosibiUty. The 
diffusion products erf these two salts are, for the 2 per cent, eolations, 6*77 and 6*68 
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grtiy-andforitbe^ pec cent* solution, il<19andll’49gr&. The biearbouateef potosh 
alsoexhibit* a considerable analogy to the carbonate, but resembles still more closely 
the acetate. It is thus obvious that equality, or similarity, of diffusion is not con¬ 
fined to the isomorpbous groups of salts. 

(4.) The nitrates of potash and ammonia have already appeared to be equidiffusive 
at two different temperatures. They were diffusedagain in the same proportions as 
the last salts, at a temperature varying from 63° to 67®*5. 


Table X.—Diffusion of Nitrate of Potash and Nitrate of Ammonia at 66°*9. 


Part* of anhydrous salt to 100 water. 

Density of solu¬ 
tion at 60°. 

Experiments. 

Mean. 

Nitrate of potash. 




2 

1*0123 


7*47 

4 

1*0243 


13*97 

61 

1*0393 

22*11 
. 22*94 
22*05 

22*37 

10 

1*0581 

32*06 

32*90 

32*50 

32*49 

Nitrate of ammonia, NH 4 0, NO s . 




2 

1*0080 

7*85 

7*71 

7*64 

7*73 

4 

1*0154 

14*20 

14*79 

14*45 

14*48 

H 

1*0256 

23*66 

23*35 

22*22 

22*74 

10 

1*0375 

34*94 

33*49 

34*23 

34*22 


The solution of nitrate of ammonia of the water-jars was evaporated carefully at a 
temperature not exceeding 130° Fahr., to prevent loss of the salt by sublimation or 
decomposition. 


Diffusion at 6fi°*9. 



2. 

4. 

«» 

10. 

Nitrate of potash . 

7*47 

7*73 

13*97 

14*48 

22*37 

22*74 

32*49 

34*22 

Nitrate of ammonia .. 



Although these salts correspond closely, it Is probable that neither the diffusion of 
these nor the diffusion of any others is absolutely identical. The nitrate of ammonia 
appears to possess a slight superiority in diffusion over the nitrate of potash, which 
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increases with the large proportions of salt in eolation. They are both considerably 
more diffusible than the seven preceding salts. 

(5.) A second pair of isomorphous salts were compared, the chlorides of potassium 
and ammonium. 


Tabus XI.—Diffusion of Chloride of Potassium and Chloride of Ammonium. 


Parts of anhydrous salt 
to 100 water. 

Density of 
solution at 60°. 

At 66°*2. 

At 64 

ft -7. 

Experiments. 

Mean. 

Experiments. 

Mean. 

Chloride of potassium. 






2 

1-0127 

7-83 


8-03 




7*72 


7*89 

7-96 



7-56 

7-70 



4 

1*0248 

15-22 


15-21 




15-69 


14-82 

15-01 



15-07 

15-29 



6f 

1-0401 

24-88 


24-83 




24-64 


24-62 

24-72 



25-09 

24-87 



10 

1-0592 

36-23 




« 


37-63 

36-93 



Chloride of ammonium. 




' ■ 


2 

1-0061 

7-10 






8-52 

7-81 

mnsm 

7*17 

4 

1*0118 

14-55 


B81 H 



1 

14-64 

14-60 


| 14-41 

H 

1-0190 

24-30 

24-30 

24-12 






24-13 

| 24*12 

10 

1-0272 

36-53 

36-53 




These two salts agree well in diffusibility, and are also evidently related to the 
preceding nitrates. The quantity of chloride of ammonium diffused was determined 
by evaporation, which is troublesome and may lead to small errors, from the vola¬ 
tility and efflorescent tendency of this salt. It would be easier and more accurate to 
determine this and other chlorides by the use of a normal solution of nitrate of silver, 
and so avoid evaporation. 


Diffusion at 60°*2. 



2. 

4. 

6|. 

10. 

Chloride of potassium . 

7*70 

15-29 

24-87 

36-93 

Chloride of ammonium. 

7-81 

14-60 

24-30 

36-53 


The quantities diffused of these two chlorides are more closely in proportion to 
the strength of the original solution, than with any of the preceding salts of potash. 
Thus the quantities diffused from the 2 and 10 per cent, solutions of chloride of 
potassium are 7*70 and 36*93 gra., which are as 2 to 9*6, which is nearly as 2 to 10. 
Cttforide of sodium was observed before to be nearly uniform is tbit respectbat 
other salts appear to lore considerably in diffusibility with the higher proportions of 
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•ait. It k possibly a consequence of the crystallizing attraction, to which reference 
was lately made, coming into action in strong solutions and resisting diffusion. 

(6.) The diffusion of chlorate of potash was observed at a temperature ranging 
from 63° to 66°, of which the mean was 64°*1. 


Table XII.—Diffusion of Chlorate of Potash. 


Parts of salt to 100 water. 

Density of 

At 64' 

**1, 

solution at 60°. 

Experiments. 

Mean. 


2 

1*0129 

6*97 




7*54 




7*16 

7*22 

4 

1*0246 

13*03 

13*64 

| 



13*27 

13*31 

6*5 (saturated solution). 

1*0395 

21*30 



20*29 




20*76 

20*78 


The solutions of chlorate of potash must be evaporated and the residuary salt dried 
at a temperature not exceeding 212°, otherwise a very sensible quantity of chloride of 
potassium may be formed. The chlorate appears to be sensibly inferior in diffusibi- 
lity to the nitrate of potash. From the 4 per cent, solution of the chlorate we have 
a diffusion product of 13*27 grs., and from the corresponding solution of the nitrate 
13*97 grs.; but the latter was obtained at a temperature 1°*8 higher than the former. 
It remains a question whether chlorate of potash does not really belong to the nitre 
group of salts, but has its diffusion interfered with by some secondary agency, such 
as its sparing solubility and consequent nearer approach to the saturating proportion. 

It is certainly true that the uniformity of diffusion generally increases with the 
dilution of the solutions. This appears on comparing the diffusion of the 4 per cent, 
solution of what may be called the sulphate of potash group, with the diffusions of 
the 2 per cent, solutions of the same salts. 


Diffusion of Salts of the Sulphate of Potash Class. 


_n" 

2. 

Carbonate of potash. 

10*27 

10*57 

10*51 

10*70 

11*01 

1M9 

11*49 

5*45 

5*52 

5*58 

5*85 

5*81 

5*77 

5*65 

Sulphate of potash .. 

Sttlphiiftft qf pmmnnia. 

Acetate of potash .. 

Bicarbonate of potash . 

Chromate of potash . 

Bichromate of potash ...... 


Thus while the 4 per cent, solutions range from 10*27 to 11*49 grs., or from 100 to 
111*8, the 2 per cent, solutions range from 5*45 grs. to 5*85 grs., or from 100 to 107*3. 

As it appeared to be in dilute solutions that the greatest uniformity of diffusion is 
to be expected, a series of experiments was instituted upon the preceding salts, with 
















9$ FROFRSSOR GRAHAM ON THE DIFFUSION OF LIQUIDS. 

theadditiqnof acetate of potash, which appeared to belong to the same class, the 
solution employed being that of 1 salt to 100 water. The experiments ware made m 
a vault, of which the temperature was nearly uniform, falling in a gradual manner 
from 59° to 58°, with a mean of 58°*5 during the period of seven days which the dif¬ 
fusion lasted. Eight phials of each salt were diffused, and the liquids of four water- 
jars evaporated together. ' 

Carbonate of potash gave 10*42 and 10*59 grs. of salt diffused: mean 10*51 grs., or 
2*63 grs. for one edl. 

Sulphate of potash gave 10*72 and 10*78 grs. of salt diffused: mean 10*75 grs.,' or 
2*69 grs. for one cell. 

Acetate of potash, its diffusion product being treated with an excess of hydrochloric 
acid, gave 8*30 and 8*04 grs. of chloride of potassium, equivalent to 10*91 and 10*57 
grs. of acetate of potash; mean 10*74 grs. of acetate of potash, or 2*68 grs. for one 
cell. The diffusion of these three salts is therefore remarkably similar 

Diffusion of 1 per cent, solutions at 58°*5. 

Carbonate of potash .... 2*63 grs. 

Sulphate of potash .... 2*69 grs. 

Acetate of potash.2*68 grs. 

The 1 per cent, solutiou of neutral or yellow chromate of potash in good crystals 
gave 11*28 and 11*35 grs.; mean 11*31 grs., or 2*83grs. for each cell. It was re¬ 
marked of the diffused chromate in this experiment, that it contained a sensible 
quantity of green oxide of chromium. The diffusion of a salt appears indeed to try 
its tendencies to decomposition very severely. 

The bicarbonate of potash gave 8*83 and 8*35 grs. of chloride of potassium, the 
diffusion product being neutralized with hydrochloric acid; equivalent to 11*25 and 
11*21 grs. of bicarbonate of potash; mean 11*23 grs., or 2*81 grs. for one cell. 

The bichromate of potash gave 11*54 and 11*49 grs. of salt diffused; mean 11*51 
grs., or 2*88 grs. for one cell. These last three salts give all a larger diffusion pro¬ 
duct than the preceding three, while they agree well together. It is doubtful whether 
this excess in their diffusion is occasioned by a partial decomposition in the act of 
diffusion, which might be of such a kind as to increase the real or apparent diffusion 
in every one of them, or whether it is a peculiar character of this little group, to 
which the ferricyanide of potassium, it will be afterwards seen, falls to be added, 
while the ferrocyanide appears to belong to the other group;— 

Diffusion of 1 per cent, solutions at 68 0- 5. 

. Chromate of potash .... 2*83 grs. 

, Bicarbonate of potash . . . 2*81 grs. 

Bichromate of potash .... 2*88 grs. : 

The divergence fjrom each other of tw;o salts so closely isoroorphjous as sulphate and 
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chromate of potash, in the proportion of lOOtd 105 2, Is certainly remarkable, unless 
Am to a slight decomposition of the latter. 

(7.) Ferrocyanide and Ferricyanide of Potassium. 

Of these two salts the 1 per cent, solution only was diffused. The time of diffusion 
was seven days, as usual *, the mean temperature 54°*5. Ip evaporating the liquid of 
the water-jars, both salts were partially decomposed, so that it became necessary to 
estimate the diffusion product by a determination of the potash. Eight cells were 
employed for one salt and six for the other, and the liquids of the water-jars evapo¬ 
rated two together. 

The diffusion product of ferrocyanide of potassium (anhydrous) was 6*02, 5*22, 
b’02 and 5*20 grs.; mean 5*12 grs., or for one cell 2*56 grs. 

The diffusion product of ferricyanide of potassium was 5*54, 5*64 and 5*36 grs.; 
mean 5*51 grs., or for one cell 2*75 grs. 

Three cells of a similar solution of sulphate of potash which were diffused for seven 
days at a mean temperature 1° lower, or of 53°*5, gave 2*56, 2*53 and 2*62 grs.; 
mean for one cell 2*57 grs., a number which almost coincides with that of the ferro¬ 
cyanide of potassium (2*56 grs.). The ferricyanide of potassium, on the other hand, 
is sensibly more diffusive, as 107*6 to 100, and appears to rank with the bicarbonate 
and bichromate of potash. The ferricyanide of potassium, again, is a salt which 
probably undergoes a slight decomposition in diffusion like those salts mentioned 

Diffusion of 1 per cent, solutions. 

Sulphate of potash.2*57 grs. at 53°*5. 

Ferrocyanide of potassium . . 2*56 grs. at 54°*5. 

Ferricyanide of potassium . . 2*75 grs. at 54°*5. 

The salts of the nitre class may also be compared in the same manner, and I shall 
now add a third series of results obtained from the diffusion of 1 per cent, solutions 
of the same salts. The temperature of diffusion of this new series was 64°*5. Six 
phials of each salt were diffused, and they were evaporated afterwards two and two. 
This double diffbsion product, however, is divided by 2 in the table. 


Diffusion of Salts of the Nitre Class. 



4. 

2. 

1. 

Nitrate of potwh ... 

Nitrate of ammonia .. 

Chloride of potassium .. 

Chloride of ammonium. 

Chlorate of potash.. 

13*97 
14*49 
i. 19*01 
14*41 
iU«l 

7*47 

7*73 

7*70 

7*81 

7*8* 

3*79 

3*75 

3*38 

3*89 

3*66 

' Mean .. '.li 

1 ‘ lints ’ 

7‘68 

3*78 


KDCCCL. 
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> It is interesting to observe bow the chlorate of potash rises In thelswerproportieBs 
and approaches to the normal rate of its class. The diflftmion prodaotstff all lie salts 
are obviously more uniform Tor the two than for the 4 per cent, solutkms,tuid agbin 
more uniform for the 1 than for the 2 per cent, solutions. The extremes in the i per 
cent, solutions are 3*66 grs; chlorate of potash, mid 389 grs. chloride of, ammonium, 
which are as 1 tol*0628. We have here an approach to equality in diffusion, which 
appears tii be as close as the' experimental determinations are of the specific heat of 
different bodies belonging to one class. The numbers for the specific heat of equi- 
valents of the metallic elements are known to vary as 38 to 42 j ) < > 

s > The salts of potash thus appear to faU into two groups of’ very flittrilar if not <eipial 
diffusibility. What is the relation between these groups? , * * 

The diffusion of 4 per cent, solutions of carbonate and nitrate of potash was 
repeated at a temperature rising gradually from 63° to 65° during the seven days of 
the experiment, with a mean of 64 0, ]. The diffusion products of the carbonate wane 
10*31; >10*05 and 10*44 grs. in three cells; mean 10*27 grs. Of the nitrate, 13^98, 
13*86 and 13*60 grs.; mean 13*81 grs. We have thus a diffusion in equal times of— 

’ Carbonate of potash . 10*27 1 

Nitrate of potash . . 13*81 1*3447 

These experiments are almost identical with the former results, 10*25 carbonate of 
potash, and 13*97 nitrate of potash. 

But'the numbers thus obtained cannot be fairly compared, owing to the diminishing 
progression in which the diffusion of a salt tabes place. Thus when the diffusion of 
nitrate of potash was interrupted every two days, as in a former experiment with 
chloride of sodium, the progress of the diffusion for eight days was found to be as 
follows in a 4 per cent, solution, with a mean temperature of i66°. 

Nitrate of Potash. 

Diffused in first two days . . . 

Diffused in second two days . . 

Diffused in third two days . . 

Diffused in fourth two days . . 

15*91 

' The absence of uniformity In this progression is no doubt Chiefly due to the Want 
of geometrical regularity in the form of the neck and shoulder of the solution phial. 
A plain cylinder, as the solution cell, might give a more uniform progression, ’hut 
Would increase greatly the difficulties of manipulation.' ‘ ’ , JA 

n ;l Tbe diffosion of carbonate of potash will no doubt follow'd diminishing progression 
‘Also ; f but there is'thisdifference, that the latter salt' 'Mil 4 Adi bdvahee so far 5 i» Its 
prhgtdasion, owing to its smaller diffusibility.in tbereVehdajtebf tbeexperimeut,;* 
thd indfe dHTttMMte ddeb.f bdWflfoifon 


. 4*54 grs. 

4*13 grs. 
. 4*06 grs. 
. 3*18 grs. 
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m excess, andasitis tbe sraallerdi (Fusion, the difference of the diffusiemofthe bwo 
aalfa wfH tkoti be folly brought oat. > *•> . 

Tbeonly wayin which the comparison of die two suits can be made with perfect 
fairness, is to allow the diffusion of the slower Salt to proceed for a longer time, till 
in fact the quantity diffused is tbe same forthis as for the other salt, and' the sane 
point in tbe progression has therefore been obtained in both ; and to note the time 
required j The problem takes the form of determining tbe tHnewof equal diffusion of 
the two salts. This procedure is the more necessary from tbe inapplicabitity of cal¬ 
culation to the diffusion progression. ' m 1 i ■' /-'j: ••mu 

Farther, allowing tbe Times of Equal Diffusion to be founds It its not to be expected 
that they will present a simple relation. Recurring to the analogy off gaseous diffu¬ 
sion, the times in which equal volumes or equal weights of two gases diffuse arO as 
the square roots of the densities of the gases. Tbe times, for instance, in which equal 
quantities of oxygen and hydrogen escape out of a vessel into the air, in similar 
circumstances, are as 4 to 1; the densities of these two gases as 16 to l. Or, the 
times of equal diffusion of oxygen and protocarbnretted hydrogen are as 1*4142 to 1,' 
that is as the square root of 2 to the square root of 1; the densities of these gases 
being 16 and 8, which are as 2 to 1. The densities are tbe squares of the equal-dif¬ 
fusion times. It is not therefore the times themselves of equal diffusion of two salts, 
but the squares of those times which are likely to exhibit a simple relation. 

(I.) While the 4 per cent, solution of nitrate of potash was diffused as usual for 
seven days, the corresponding solution of carbonate of potash was now allowed to 
diffuse for 9*90 days; times which are as l to 1*4142, or as 1 to the Bquare root of 2. 
The results were as follows: diffused of— 

Nitrate of potash at 64°*1, in seven days, 13*81 grs. . . 100 

Carbonate of potash at 64°*3, in 9*9 days, 13*92 grs. . . 100*8 

The three experiments on the nitrate of potash, of which 13*81 grs. is the mean, 
were 13*98, 13*86 and 13*60 grs., as already detailed. The three experiments on the 
carbonate were 14*00, 13*97 and 13*78 grs. The difference in the means of the two 
salts is only 0*11 gr. Tfie results appear to be as near to equality as could be reason¬ 
ably expected from the method of experimenting. Seven and 9*90 may therefore be 
considered as the times of equal diffusion indicated for nitrate and carbonate of 
potash. The times of equal diffusion, or the diffusibilities of nitrate and carbonate 
of potash, would appear ,therefore to be in tbe proportion of the square root of I to 

tbe.sqqare root of 2 . ....... , , 

The explanation of such a relation suggested by gaseops diffusion has been antici¬ 
pated. It is that the two salts have different densities In solution, that of nitrate of 
po|asf> being. 1, and that of carbonate of potash %. JVe are thus Jed to ascribe, what 
may, he called (Solution, Pspaitiee, to tbe salts.; The twp aalts in question are related 
exactly, libe. protocarbnuetted hydrogen gas,of density l,to oxygen gas of density 2. 
parallel ,srpuld be, completed by supposing that the single vojLwne of oxygen to 

f2 
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be diffused was previously mixed with lOOvolumes ofair(or auyqth^j$lujtiqg g&sV 
while the 2 volumes of protocarburetted hydrogen were also diluted witfaJOQ yofoiqaes 
ofairj the diluting, air here representing the water inwhiefatbesaltsfobe diffused 
are dissolved in the solution cell. The time in which a certain quantity of protocar- 
buretted hydrogen weald come out from a vessel containing 1 per cent, ofthat gas 
being 1 (the square root of density 1), the -time in which an equal quantity of oxygen 
Wou)d< diffuse out from a similar vessel containing 1 pea- cept. also would he lfAMff 
(the square root of density 2). , , 

(2.) A solution of 4 parts of sulphate of potash in 100 water was diffused,simpl* 
taneously with the last solution of carbonate of potash, and therefore, ip similar 
circumstances. The diffusion products of three experiments were 14 46, 14*21 ,and 
14*53 grs.; mean 14-40 grs. This is in the proportion of 104*27 sulphate of,potash 
to 100 nitrate of potash; so that the approximation to equality of diffusion with 
nitrate of potash, in the selected times, is not so close for the sulphate as for. the ear r 
bonate of potash. 

. (3.) The diffusion was repeated of 2.per cent, solutions of the nitrate and carbonate 
of potash at a lower temperature by about 10°. The temperature of the solutions 
was rather unsteady; ranging from 56° to 52°*25 for the first period of seven days, 
from 56° to 50°-5 for the period of 9 90 days, and from 55° to 50°*5 for a second 
period of seven days; the external atmospheric temperature having fallen during the 
same period more than 20 degrees. Six phials of each solution were diffused and 
evaporated two together; so that the results are all double quantities. 

At a mean temperature of 54°*3, the nitrate of potash gave in seven days 12*60 
and 12*13 grs. ; mean 12*36 grs. 

Again, at a mean temperature of 52°-4, the nitrate of potash gave in seven days 
11*85, 12-40 and 11-95 grs.; mean 12-06 grs. 

The carbonate of potash gave in 9-90 days, with a mean temperature of 53 0i 4,12-69, 
12-40 and 12*12 grs.; mean 12-40 grs. 

The general reshfts-are— 

Nitrate of potash, in seven days, at 54°-3 . 12*36 grs. 

Carbonate of potash, in 9*9 days, at 53°*4 . 12*49 gri. 

Nitrate of potash, in seven days, at 52°*4 . 12‘06 grs. 

AS the first nitrate is 0°-9 above'the carbonate and the second nitrate 1° below it,’ we 
may take the mean of the two nitrates as corresponding to the temperature of the 
carbonate. We thus finally obtain, diffused at 53°*4, of— ‘ 

Nitrate of potash in seven days, 12*22 grs. . . 100 
Carbonate of potash in 9*9 days, 12"40 grs. . 101 -4^ 

• ‘ ‘ i i * h ■ . 1 * ■. *t ii, * f «: „■ ii 

The difference in the amount of the diffusion of the twp saltt in foese, times is only 
'0*18 gr., or 1J per cent. ,. . „. .,„i... l<4 . t . ; <.. „ > 

. .These last experiiaents may be held therefore as tending fo tbesawecouciMsjwaa 
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thfe'forfoer'series, although the circumstances were More then UsuattyimfevoflKibk 
tbtheir success. 1% AM whether the same relation existed between the salt sthro ugh a 
Considerable range of temperature, an opportunity was taken during cdd weather to 
repeat the experiments'at a low temperature. 

(4.)' Solutions of 1 salt in 100 water were diffused from right solution ceils, for 
each salt.' The times Were increased, but the same'ratio of l to 1*4142'wsto'ftre- 
setted*between them. The liquids of the Cells were found to retain'a tefflperattrre 
ranging slowly between 41° and 38°*8 during the whole period of the observations. 
Sulphate of potash was substituted for the carbonate, as of these two fcqui-diffuSive 
salts the formerbad been found to be least in accordance with nitrate' of potash.in 
the 4 pet cent, eolations, and appeared therefore to afford the severest test of the 
relation. ' 1 •* 1 ■ 

For nitrate of potash, at a mean temperature of 39°*7, during nibe days, the diffu¬ 
sion product of two cells together was 6*97, 6*93,6*77 and 6*64 grs.; mean 6*88 grs. 
for two cells. 

For sulphate of potash, at the same mean temperature of 39°*7, during 12*728 days 
(twelve days, seventeen hours, twenty-eight minutes), the diffusion product of two 
cells together was 7*06, 6*93, 7*28 and 6*90 grs.; mean 7*04 grs. for two cells. 

The general results are— 

Nitrate of potash in nine days at 39°*7 . . 6*83 grs. . . 100 
Sulphate of potash in 12*728 days at 39°*7 7*04 grs. . . 103*07 

(6.) Solutions of 2 salt in 100 water were diffused simultaneously with the pre¬ 
ceding experiments, and in precisely the same conditions of time and temperature. , 
The diffusion product of nitrate of potash during nine days, at a mean temperature 
of 39°*7, was 7*03, 6*63, 6*83 and 6*83 grs. for one cell; mean 6*83 grs. for one cell, 
or the same number as for two cells with the 1 per cent, solution. ' 

The diffusion product of sulphate of potash during 12*728 days was 6*84, and 6*80; 
mean 6*82 grs. for one cell. These experiments almost coincide wjth the number for 


nitrate of potash. 

Nitrate of potash, 6*83 grs.1Q0 

Sulphate .of potash, 6*82 grs.99*8.5 


(6.) The existence of the.relation in question was also severely tested, |n another 
manner. Preserving the ratio in the times of diffusion for the two.salts, the actual 
times were varied in duration, in three series of experiments, as 1, 2 and 3. The ex¬ 
periments were made iu the vault, with a uniformity of temperature favourable to 
accuracy of observation. Eight cells of the 1 per cent, solution of each salt were 
always diffused at the same time. 

(«.) NtttUte of potash diffused for 8*6 days, at 47°*2, gave for two cells, 8*65, 3*63, 
3*88 and 3*51 grs. s mean for two cells, 3*60 grs. 

1 Sulphate' Of potash diffused for 4*95 deys, at 47°*8, gave for two cells,'8*54,8*31, 
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3'51 and 3?63 grs.j mean for two cells, 3‘50 grs., m exactly the same.#* fornittalesof 
potash above. v - t . h.. r 

(&•) Nitrate of potash diffused for 6even days, at 48**6^ gave 61, 6-3,5*0:and 662 
grs.; mean for two cells, 6-04 grs. . 

1 Solpbate of pota9b diffused for 9 9 days, at 49 Q- 1, gave 6’18,5 92, 618 »h 1 6 - &9gr».; 
mean6*.20grs,, or, excluding the last experiment, 6-Q8grs. ; ,i , * > 

Chromate of-potash diffused also for9*9day9,at 49°l,gave 6*19,618,6 40 and 
frSSgrs.; mean for two cells, 6 29 gre. The diffused ohroinate presented do appear, 
ance of decomposition on this occasion. 

(c.) Nitrate of potash diffused for .10*5 days, at 46°, gave 8*86, ,8-06, 8*82 and 8*84 
grs. 5 mean for two cells, 874 gre. 

..Sulphate of potash diffused for 14*85 days, at 48° 6, gave 8*99, 8 94, 8*66 and 8*56 
grs. 5 mean for two cells, 8*79 grs. , 

The mean results for the three different sets of periods of diffusion are as fol¬ 
lows :— 


or j . . f Nitrate of potash, at 47 *2, 3*50 grs. . 

J [Sulphate of potash, at 47*3, 3*50 grs. . 
[Nitrate of potash, at 48*6, 6*04 grs. . 
7 and 9*9 dayss Sulphate of potash, at 49°'l, G-20 grs. . 

ICbromate of potash, at 49°*1, 6-29 grs. 

• or f Nitrate of potash, at 48°, 8 - 74 grs. . . 

J [Sulphate of potash, at 48 *6, 8*79 grs. . 


100 

100 

100 

102-65 

10414 

100 

100-57 


The concurring evidence of these three series of. experiments appears to be quite 
decisive in favour of the assumed relation of 1 to J‘4142, between the times of 
equal diffusion for the nitrate and sulphate of potash, and consequently of the times 
for the two classes of potash salts, of which the salts named are types. The saute 
experiments are also valuable as proving the similarity of the progression of diffusion, 
in two salts of unequal diffusibility. I shall return again to the relation between 
nitrates and sulphates* under the salts of soda. . 


(8.) Hydrate of Potash. 

- (1.) Eight, cells of the 1 per cent, solution of pure fused hydrate of potaqh. were 
diffused for seven days in the vault, with a temperature ranging on)y ffom.59° ,to ; 58°, 
of which the mean was 58°-6. The product of four cells evaporated together was 
17*57 grs- of hydrate of potash, and of the other four cells 17 * 19grs.; mean 17*38 
grs., or 4*341} grs. for one cell. The hydrate of potash was estimated #*opj the chlo- 
’ ride.of potassium which it gave when saturated with hydrochloric acid. ’The diffu¬ 
sion product of sulphate of potash for seven days, at 58*5, or almost the same tempe¬ 
rature, was 10*75 grs. for the four cells, as already stated* and consequently 2*64 grs. 
for one cell. It thus appears that the hydrate of potasfi ! is greatly more difihsive than 
the sulphate of potash in the same period of seven days, namely, as 4*845 to 2*64. 
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Such aresuit indeed4s dot iaeoosistent with the times of equal diffusion: of time two 
substances, differing as much as 1 to 2. . < : • <• -. 

(2.)©f puce fusedbydrat* of potash, a 1 per cent, solution was diffused from four 
cells for 4*95 days at a mean temperature of 53°*7, against a 1 per cent, solution of 
nitrate of potash in six chib, for seven days, at a titeau temperature 9°1 lower, or of 
53°*6. The hydrate of potash which diffused, is ealeulatedas before from the chloride 
of potassium which it gave, when neutralized byhydrochloric acid. Hydrate of 
potash diffused front two cells 5*97 and 6*28 gra. $ mean 6*12,grs., or 3*06 grs.for a 
single cell. _ •->\ 

Nittute of potash diffused from two cells 6*22,6*54 and 5*98 grs; mean 6*23 grs., 
or 3*11 grs. for a single cell. The diffusion of nitrate of potash being 10G,tfaatofthe 
hydrate of potash is 98*2, numbers which are sufficiently in accordance. < But the 
times were as 1 to 1*4142, and their squares as 1 to 2. So far then as.this series of 
experiments on hydrate of potash entitles us to conclude, we appear to bare for the 
salts of potash a close approximation to the following simple series of squares of 
equal diffusion times:— 

> Squares of Times of Equal Diffusion, or Solution Densities. 

Hydrate of potash . . . . 1 
Nitrate of potash .... 2 
Sulphate of potash .... 4 

(3.) The hydrate of potash was also diffused at the lower temperature, 39°*7, in 
company with the nitrate and sulphate of potash for a period of 6*364 days (six days, 
eight hours, forty-four minutes). 

The 1 per cent, solution of hydrate of potash gave in eight cells, evaporated two 
together, 6*93, 6*93, 6*93 and 6*89 grs.; mean 6*92 grs. 

The 2 per cent, solution of hydrate of potash gave in three single cells, 6*77,6*49 
and- 7*10 grs. j mean 6*79 grs. 

The diffusion of nitrate of potash in nine days at the same temperature^ as already 
detailed, was sensibly the same, or 6*83 grs. for both the 1 and 2 per cent, solutions. 
The times for the two salts were as 1 to 1*4142. 

The diffusion of hydrate of potash, at 39°*7, may therefore be stated with reference 
to that of nitrate of potash, for the selected times, as follows 


Nitrate of potash, 1 and 2 per cent, solutions.100 

Hydrate of potash, 1 per cent, solution.. 101*8 

Hydrate of potash, 2 per cent, solution.99*4 


These experiments at the low temperature concur, therefore, with those made at 
in proving that the times of equal diffusion of the two sub- 

M*l* >1 (li'.'l <*1 «- . .. • '*••■ >■.. j ■ I. ! , , • 
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PROFESSOR GRAHAM ON THE DIFFUSION OP LIQUIDS. 


III. DIFFUSION OF SALTS OF SODA. 

(1.) The only salts of soda which I have yet had an opportunity of diffusing in a 
sufficient variety of circumstances are the carbonate and sulphate. These salts 
appear to be equi-diffusive, but to diverge notwithstanding more widely in the solu¬ 
tions of the higher proportions of salt than the corresponding potash salts. It is a 
question whether this increased divergence is not due to the less solubility of the 
soda salts, and the nearer approach consequently to their points of saturation in the 
stronger solutions. 


Table XIII.—Diffusion of Carbonate and Sulphate of Soda. 


Part* of anhydrous sab 

Density of 

At 84*. 

At 37*7. j 

to 100 water. 

solution at 60°. 




Mean. 

Experiments. 


Carbonate of soda. 






2 

1-0202 

4*15 


2*78 




4*08 


2-62 




4*21 

4*14 

2*73 

2-71 

4 

1*0405 

7-96 


5*31 




7*70 


4-94 




7-68 

7-78 

6*35 

5*20 

H 

10663 

18-16 


8*50 



12-06 


8*45 




12*45 

12*22 

8*05 

8*33 

10 

1*0957 

17*13 






16-63 




' 


17*00 

16-88 



Sulphate of soda. 




2*96 


2 


4*35 





4*32 


3*03 




4*25 

4*31 

3*09 

3*03 

4 


8*14 


5*63 




8*10 


5*64 




8*28 

8*17 

6*42 

5*56 


1*0578 

13*26 


8*77 



13*63 


8*84 

8*80 



13*61 

13*50 



10 


18*71 













19*14 




The range of the thermometer during the continuance of the experiments at the 
higher temperature was from 64°*5 up to 65° and falling again to 63°; the mean of 
all the days being 64°. The temperature of the other series, or of the ice-box, was 
42° the first day, 38° the second, and 37° steadily for the remainder of the period; 
tiie mean being 37°7. 

The mean results at 64° are as follows:— 



2 . 

4. 

«*• 

10. 

Carbonate of soda.. 

4*14 

4*31 

7’78 

8-17 

12-22 

18-60 

16-88 

19*14 

Sulphate of soda . 


























Another series of experiments was made upon a 1 per cent, solution of the same 
salts at a mean temperature of 64°*9. She phials of each eolation were diffused, and 
the water of two jars afterwards evaporated together, so that the quantities stated 
are doable. ,, 

The diffiirioa product in three experiments with the sulphate of soda was 477, 
475 and 4*80 grs.; mean 477 g«- The diffusion product in three experiments with 
the carbonate of soda was 461,4*68 and 4*67 grs.; mean4*66 grs. The difference 
between the carbonate and sulphate is 0*12 gr.; it is less for the present proportion 
of 1 per cent, of salt, than for 2 per cent., so that the diffusion of the salts may be 
converging to a perfect equality in very weak solutions. One-half of the preceding 
quantities, or the mean results for a single diffusion cell, are—* • 

Diffusion of 1 per cent, solutions at 64°*9. 

Carbonate of soda, 2*32 grs.100 

Sulphate of soda, 2*38 grs.102*58 

(2.) Hie diffusion of the carbonate of soda was further compared with the nitrate of 
the same base, to find whether their times of equal diffusion are related like those of 
the corresponding potash salts. The mean temperature of the first seven days, which 
was the period of diffusion for the nitrate of soda, was 66°*9; of the last three days, 
65°*2; and of the whole period of 9*9 days occupied by the carbonate of soda, 66°*4. 
The 4 per cent, solutions were employed. 

The nitrate of soda gave a diffusion product, in three experiments, of 11*48, 11*58 
and 12*18grs.; mean 11*73grs. 

The carbonate of soda, in three experiments, gave 11*66, 11*53 and 11*62 grs.; 
mean 11*57 grs. A slight addition should be made to the latter quantity to raise the 
diffusion product from 66°*4 to 66°*9. It will appear from a subsequent experiment 
that the diffusion of the carbonate of soda increases 0*096 gr. for a rise of one degree 
of temperature; which will give 0*05 gr. for the half degree in question. Bringing 
the diffusion of the two salts to the same temperature of 66°*9, we have therefore 
diffused, of— 

Nitrate of soda, in seven days, 11*73 grs.100 

Carbonate of soda, ip 9*9 days, 11*62 grs.99*06 

The difference in the quantity diffused of the two salts is only 0*11 gr., or 1 per cent.. 
Which is quite within the unavoidable errors of observation. 

(3.) The diffusion of a 2 percent, solution of the same salts was repeated at the same 
in feri or temperature of 54°*3 as with the salts of potash, and under the same diffi¬ 
culties from fluctuation of atmospheric temperature. Two water-jam were evapo¬ 
rated together, so that the results are double. 

Nitrate of soda, diffused for seven days at a mean temperature of 54°*3, gave 
10*15,10*24 and 9*92 gr?. in three experiments; mean 10*10 grs. 
xnccci.. a 
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Carbonate of soda, diffused for 9*9 days at a mean temperature of £8*4, gave 9*93, 
2*54 and 10*10.grs.in three experiments} mean 0*86 grs. Bat the latter amount is 
to be increased by 0*09 gr. to bring it to the diffusion of 54°*S. We bave then for the 
diffusion product of the tiro salts at the same temperature of 54°*8-— 

Nitrate of soda, in 7 days, 10*10 grs.100 

Carbonate of soda, in 9*9 days, 9*95 grs. . . . 98*51 

The difference is again small, namely, 0*15 gr., or 1| per cent., and within the 
limits of unavoidable error. 

It appears therefore that the times of equal diffusion of the nitrate and carbonate 
of soda are related like those of the nitrate and carbonate of potash, or as the square 
root of 1 and 2, that is, as 1 to 1*4142. 

Relation of Salts of Potash to Salts of Soda. 

It appeared probable, from many of the experiments already recorded, that if any 
relation, in the times of equal diffusibiiity, existed between the corresponding salts of 
potash and soda, it was that of the square root of 2 to the square root of 3. They 
were accordingly diffused for times having this ratio; namely, the nitrate of potash 
for seven days, the nitrate of soda for 8*57325 days; the sulphate and carbonate of 
potash for 9*9 days, and the sulphate and carbonate of soda fur 12*125 days. If these 
times are rightly chosen, the eventual diffusion products of all the experiments should 
be equal. The 1 per cent, solution was selected, and the number of experiments 
simultaneously made on each salt was eight or six. The liquids of two water-jars 
were evaporated together, so that each of the results in the table below represents tbe 
diffusion of two cells. These experiments also afford another opportunity of testing 
the assumed relation between tbe nitrates and sulphates of the same base. 


Table XIV.—Solution: 1 Salt to 100 Water, at 55°*4—56°*1. 



Tempe¬ 

rature. 

Time is 
days. 

Square of 
time*. 
Sol. density. 

Diffusion product of two cells in grs. J 

Exp. I. 

Exp. I U 

Exp. m. 

Exp. IV. 

Mata* 

Nitrate of potash . 

fii*l 

7 

2 

6*67 

6*87 

6*90 

6-47 

6*78 

Nitrate of soda .. 

65-7 

8*57 

3 

6-59 

6-80 

6*94 

6*37 

6*78 

Sulphate of potash. 

65*4 

9-90 


6*73 

6*77 

6-96 

6*68 

6*78 

Sulphate of soda . 

65*4 

18-JS3 


6*43 

6*94 

6*80 

6*68 

6 78 

Carbonate of potash . 

! 55-4 

9*90 


6*54 

6-64 

6*4# 

6-67 

6*86 

Carbonate of soda. 

65-4 

18-1S3 

6 

6*40 

6*63 

6*60 

6-67 

6*84 


Hie range of temperature during the period of these experiments rather exceeded 
8 degrees, so tbalt they cannot be considered as fortunate in that respect; but still tbe 
similarity between the different sets of experiments, and the near equality of their 
means, is very remarkable. The two nitrates and the two sulphates may be said 
to coincide, the extreme difference Of tbe means of the four salts not being quite so 
much as 1 per cent. Tbe two carbonates foil about 3*4 per cent. Mow the sut- 
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phates and nitrates, bat agree perfectly with each other, showing a nraformityin their 
irregularity. This deviation of the carbonates would appear essential, as it has been 
observed every time they have been compared with the sulphates. 

The double relation between salts of potash and salts of soda, and between the 
nitrate and sulphate class of each of these bases, will, I believe, be allowed to acquire 
considerable additional support from this new series of observations. 

IV. DIFFUSION OF SULPHATE OF MAGNESIA. 

In a set of preliminary experiments upon sulphate of magnesia in comparison with 
sulphate of potash, the 4 per cent, solutions of both salts were diffused for seven days 
at a mean temperature of 57°*9, with very little fluctuation, the extreme range bring 
from 58°*5 to 57°'75* The sulphate of magnesia is taken anhydrous in all the follow¬ 
ing experiments. The diffusion of sulphate of potash in three cells was 9*16,9‘22 and 
9*57 grs.; mean 9-32 grs. 

The diffusion of sulphate of magnesia in three cells was 5*21,4*98 and 5*34 grs.; 
mean 5*18 grs. The diffusion, in equal times, appears here to be as 100 sulphate of 
potash to 55*58 sulphate of magnesia. We know, however, when unequally dif¬ 
fusible salts are diffused for equal times, that the diffusion of the slower is exagge¬ 
rated. Consequently the diffusion of sulphate of magnesia is likely to be represented 
in excess in these experiments. 

In a second preliminary series of experiments the same 4 per cent, solutions were 
diffused, the sulphate of potash for eight days and the sulphate of magnesia for nine¬ 
teen days, with the view of discovering their times of equal diffusibiiity. 

During the first period of eight days the temperature fluctuated considerably, be¬ 
ginning at 54°, falling gradually in four days to 50°*5, and rising again in four days 
to 53°; the average of the whole period was 52°*2. The diffusion of sulphate of pot¬ 
ash from three cells was 9*36, 9*25 and 10*52 grs.; mean 9*71 grs. 

During the second period of nineteen days, which included the first period, the 
mean temperature was 54°*6. The diffusion of sulphate of magnesia from three criis 
was 11*81, 11*61 and 10*90 grs.; mean 1 1*44 grs. The variation in the amounts dif¬ 
fused of both salts is greater than usual, owing no doubt to the changes of temperar- 
ture, which were imperfectly controlled. 

Dividing the quantity of salt diffused by the number of days, we have of sulphate 
of potash 1*214 gr. diffused per day, and of sulphate of magnesia 0*602 gr. per day; 
or the latter salt exhibits sensibly half the diffusibiiity of the former in equal times. 
Ibis suggested the trial of times for these two salts in the proportion of 1 to 2 , with 
the view of obtaining equal diffusions. 

( 1 .) A one per cent, solution of sulphate of magnesia (anhydrous) was diffused for 
the long period of 19*8 days, at a mean temperature of 54°*7, in eight cells. The dif¬ 
fusion products of four pairs of cells were 7 * 07 ,6*71,7*07 and 7*85 grs.; mean 7*05 
grs., or for one cell, 3*53 grs. 

o 2 
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A similar solution of sulphate of potash diffused for 9*0 days, or half the preceding 
period; at a mean temperature of 55°*4, or 0°7 higher, gave a mean prod act, for two 
Ceils, of679 grs., as before stated, or for one ceil, of 3*40 grs. The diffusion of sul¬ 
phate of potash being 100, that of sulphate of magnesia is therefore 1037, a Mr ap¬ 
proximation to equality. 

(3.) In a second series of experiments upon 1 per cent, solutions of the same two 
salts, diffused in the vault for fourteen and seven days respectively, with a mean tem¬ 
perature of 53°*8 for the sulphate of magnesia, and 54°*3 for the sulphate of potash, 
the temperature was remarkably uniform, gradually falling from 55 0, 2 to 53° during 
the longer period, bat without any injurious oscillation. 

From eight cells, evaporated two together, the sulphate of magnesia obtained was 
6*13, 6*12,6*04 and 6*03 grs.; mean 6'08 grs., or 3*04 grs. for one cell. 

The sulphate of potash gave from eight cells, in experiments already detailed, a 
mean result of 5*84 grs. of salt for two cells, or 2*92 grs. for one cell. The diffusion 
is in the proportion of 100 sulphate of potash to 104*11 sulphate of magnesia, the 
times being as 1 to 2 for the two salts respectively. 

From these two series of experiments, it appears that, at 54°, sulphate of magnesia 
has nearly, if not exactly, half the diffusibility of sulphate of potash, and consequently 
one-fourth of that of hydrate of potash. Or, the times of equal diffusion for these 
three salts appear to be 1,2 and 4. The squares of these times and the solution den¬ 
sities are 1,4 and 16. Hydrate of potash may possibly therefore have the same rela¬ 
tion to sulphate of magnesia in solution density and diffusibility that hydrogen gas 
has to oxygen gas. 

(3.) A two per cent, solution of sulphate of magnesia, diffused for fourteen days, 
gave at 53°*9, for two pairs of cells, 9*57 and 10*00 grs. of salt, of which the mean is 
9*79 grs., or 4*85 grs. for one cell. 

A similar solution of sulphate of potash diffused for seven days gave a mean result 
of 4*97 grs. of salt for one cell, at 54°*2, as already stated. The result is a diffusion 
of 100 sulphate of potash to 97*59 sulphate of magnesia. 

(4.) A four per cent, solution of sulphate of magnesia, diffused for fourteen days, 
gave at 53°*7, in two pairs of cells, 18*00 and 18*20 grs. of salt; mean 18'IOgrs. for 
two cells, or 9*05 grs. for a single cell. 

A similar solution of sulphate of potash, diffused for seven days at 54°*2, gave a 
mean result of 9*30 grs. of salt for a single cell, as already stated. This is a diffusion 
of 100 sulphate of potash to 97*4 sulphate of magnesia. 

The diffusion of the 2 and 4 per cent, solutions of sulphate of magnesia is so nearly 
equal to the diffusion of the same proportions of sulphate of potash in half the time, 
that they may be considered as supplying additional support to the assumed relation 
between the diffusibilities of these salts. 

I may add, that a 4 per cent, solution of anhydrous sulphate of zinc was diffused 
for fourteen days, simultaneously with the similar solution of sulphate of magnesia, 



raorossofc oubah on iras mmmov or liquids. 


45 


and of course at the same temperature of 53°7. Taro ceils, evaporated two together, 
gave 47*40 and 17*80 grs. of ignited sulphate of zinc; mean 17*38 grs. The salt re¬ 
mained, after ignition, entirely soluble. This is a diffusion of 8*09 grs. for one cell, 
while the sulphate of magnesia gave 9*05 grs.; or of 100 sulphate of zinc to 104*14 
sulphate of magnesia. This result is interesting, as we here find two salts which 
are isomorpbons, and of which the equi-diffusion is on that account in a high degree 
probable, differing between tbemselves so much as 4 per cent. 

Another numerous series of experiments was made at a considerably lower tempe¬ 
rature, with the view of testing several of the same relations. The temperature in 
commencing the diffusion was 41°, but fell in the course of three days to 38°*8, and 
afterwards rose to 39°, from which it never varied afterwards more than a degree 
during the diffusion of the salts of potash and soda. The mean temperature for their 
periods did not vary above 0°*1 or 0°*2 from 39°*7, so that it may be supposed the 
same for all these salts. For the sulphates of magnesia, the mean temperature was 
38°*9, or 0°*8 lower. The times chosen are as the square-roots of 2, 3, 6 and 16. 


Table XV.—Solutions of 1 and 2 Salt to 100 Water, at 39°*7. 



Time in 
days. 


Diffusion product of two cells in 1 per cent solutions, 
and oae cell in 2 per cent solutions. 


Exp. II. 

Exp. III. 

Exp. IV. 

Mesa. 

Chloride of potassium, 2 per cent... 

9 

2 

6-58 

6*79 

6*82 

. 

6-73 

Nitrate of soda, 2 per cent ......... 

11*022 

3 

6*66 

6*98 

6*79 

. 

6*81 

Chloride of sodium, 1 per cent ... 

11*022 

3 

6-33 

6-63 

6-73 

7*06 

6*69 

Chloride of sodium, 2 per cent ... 

11*022 

3 

6-50 

6*60 

6*64 

6*74 

6*62 

Sulphate of soda, 1 per cent.. 

15*589 

6 

6-60 

6-56 

6*56 

6*50 

6*S5 

Sulphate of soda, 2 per cent. 

15*589 

6 

6*50 

5*43 

6*33 


6*42 

Sulphate of magnesia, 1 per cent... 

25*456 

16 

6-36 

6*80 

6*86 

6*59 

6*50 

Sulphate of magnesia, 2 per cent... 

25*456 

16 

6-42 

6-78 

6*50 

6-84 

6*63 


Several other salts were diffused in the same circumstances as the preceding, of 
which the diffusion products have been previously given. Of these salts, both the 1 
and 2 per cent, solutions of nitrate of potash gave 6*83 in nine days, or in the same 
time as chloride of potassium in the table. The latter salt maintains a sensible 
equality of diffusion with the present series at the low, as well as it was found to do 
at the former high temperature. Chloride of sodium is here introduced for the first 
time: it appears to be equi-diffusive with nitrate of soda. If the sulphate of mag¬ 
nesia diffused be increased by 0*07, for its lower temperature, this salt will be in close 
accordance with the salts of potash and soda. 

Taking nitrate of potash 6*83, as 100, for a standard, the salt which deviates most 
considerably is sulphate of soda, which for the 1 per cent, solution is 6*55, or 95*9. 
A low temperature, however, must be unfavourable to diffusion experiments, from 
increasing the tendency of salts to crystallize. 


In conclusion, I may sum up the results of most interest which this inquiry re¬ 
specting liquid diffusion has hitherto furnished. 
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1. I would place first the method of observing liquid diffusion. This method, 
although simple, appears to admit of sufficient exactness. It enables ns to make a 
new class of observations which can be expressed in numbers, and of which a vast 
variety of substances may be the object, in fact everything soluble. Diffusion is also 
a property of a fundamental character, upon which other properties depend, like the 
volatility of substances; while the number of substances which are soluble and there* 
fore diffusible, appears to be much greater than the number of volatile bodies. 

2. The novel scale of Solution Densities, which are suggested by the different dif- 
fusibilities of salts, and to which alone, guided by the analogy of gaseous diffusion, 
we can refer these diffusibilities. Liquid diffusion thus supplies the densities of anew 
kind of molecules, but nothing more respecting them. 

The fact that the relations in diffusion of different substances refer to eqoal 
weights of those substances, and not to their atomic weights or equivalents, is one 
which reaches to the very basis of molecular chemistry. The relation most frequently 
possessed is that of equality, the relation of all others most easily observed. In liquid 
diffusion we appear to deal no longer with chemical equivalents or the Daltonian atoms, 
but with masses even more simply related to each other in weight. Founding still 
upon the chemical atoms, we may suppose that they can group together in such 
numbers as to form new and larger molecules of eqoal weight for different sub¬ 
stances, or if not of equal weight, of weights which appear to have a simple relation 
to each other. It is this new class of molecules which appear to play a part in solu¬ 
bility and liquid diffusion, and not the atoms of chemical combination. 

3. The formation of classes of equi-diffusive substances. These classes are evi¬ 
dently often more comprehensive than the isomorphous groups, although I have 
reason to imagine that they sometimes divide such groups; that while the diffusion 
of salts of baryta and strontia, for instance, is similar, the diffusion of salts of lead 
may be different. 

4. The separation of the whole salts (apparently) of potash and of soda into two 
divisions, tbe sulphate and nitrate groups, which must have a chemical significancy. 
The same division of the salts in question has been made by M. Gerharot, on the 
ground that the nitrate class is monobasic and the sulphate class bibasic. 

5. The application of liquid diffusion to the separation of mixed salts, in natural 
and in artificial operations. 

6. Tbe application of liquid diffusion to produce chemical decompositions. 

7. Ibe assistance which a knowledge of liquid diffusion will afford in the investi¬ 
gation of endosmose. When the diffkasibility of the salts in a liquid is known, the 
compound effect presented in an endosmotic experiment may be analysed, and tbe 
true share of tbe membrane in the result be ascertained. 

Bat on tbe mere threshold of so wide a subject as liquid diffbsion, I must postpone 
speculation to the determination of new facts and the enlargement of my data, of tbe 
present incompleteness of which I am fully sensible. 
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II. On the Nitrogenated Principles of Vegetables as the Sources of Artificial Alkaloids. 

By Dr. John Stknhousb, F.R.S. 

Received June 13,—Reed Jane 91,1849. 


Part I. • 

THERE are few departments in organic chemistry which during the last six or seven 
years have attracted more of the attention of experimenters than the artificial forma¬ 
tion of the alkaloids. This perhaps is not to be wondered at when we consider the 
interesting nature of this class of bodies, both as regards their well-defined chemical 
properties and the important medical virtues which many of them possess. All 
attempts to form the natural alkaloids, such as quinine, cinchonine, strychnine, &c., 
by artificial means have hitherto been unsuccessful, but chemists have been enabled by 
various processes to procure artificially a considerable number of true alkaloids quite 
analogous to those which occur in nature. Several of these artificial alkaloids, such 
as quinoline, narcogenine, cotarnine, &c., are obtained from the natural alkaloids by 
acting on them by various reagents. 

A second group, comprising furfurine, thiosinnamine, &c., are formed when ammonia 
is brought in contact with some of the essential oils, such as oil of mustard. 

A third very numerous gronp, comprising nitraniline, toluidine, cumedine, &c., 
are obtained by the reducing action of sulphuretted hydrogen or sulphide of ammo¬ 
nium on nitrogenous compounds formed by treating certain hydrocarbons with nitric 
acid. 

I shall conclude this enumeration by noticing a fourth very important group, com¬ 
prising aniline, piooline, petenine, &c., which are obtained by the distillation of coal 
or animal substances, as in the case of bone-oil in the preparation of animal charcoal. 
To this last group I shall especially refer in the course of the present notice. 

It is somewhat remarkable therefore, that while so many other sources have been 
examined, no attempt, so far as I am aware, should hitherto have been made to pro¬ 
cure alkaloids from the highly nitrogenated principles, which under the names of 
vegetable albumen, fibrine, caseine, &c. are found in all plants, in many instances to 
a very considerable amount. These principles are, as is well known, almost as rich 
in nitrogen as the corresponding animal compounds, containing on an average about 
16 per cent, of that element. What also renders the neglect of these substances by 
experiments still more singular, is the consideration that among the known sources 
of the artificial alkaloids coal has been one of the most productive, yielding as it 
does, in addition to ammonia, four other bases, aniline, quinoline, picoline and pyrrol, 
and not improbably containing also other organic bases which have hitherto escaped 
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observation. Now coal is universally admitted to be exclusively of vegetable origin, 
and to consist of the remains of a variety of vegetables, which, after having undergone 
putrefactive fermentation, and been subjected to probably enormous compression, 
have lain for countless ages in tbe bowels of the earth. 

When reflecting therefore on tbe probable sources of tbe organic bases in coal, it 
has for some time past appeared to me highly probable that they are not derived from 
the woody fibre and other non-nitrogenated vegetable matters from which tbe coal has 
been principally formed; but that these bases are exclusively derived from tbe highly 
nitrogenated principles, previously enumerated, contained in the plants of the coal¬ 
fields. From the energetic agencies to which coal has been subjected, it seemed 
probable that much of the nitrogen originally present in the vegetables from which 
it has been formed must have been dissipated, and consequently the amount of bases 
now obtainable from coal proportionally diminished. It appeared therefore only 
reasonable to expect, that by acting on the nitrogenated principles of recent vege¬ 
tables, the same organic bases as those contained in coal, or at any rate a series of 
analogous bases, would be obtained in proportionally greater abundance. In the 
sequel it will appear that this latter expectation has not been altogether disappointed. 

It is extremely difficult to obtain vegetable albumen, fibrine, or caseine in consider¬ 
able quantity in a state of purity. And though several chemists have bestowed 
much attention on the subject, as none of these principles arecrystaliizable, it is very 
doubtful if any of them have yet been obtained in a state of absolute purity. Instead 
therefore of endeavouring to purify these principles, I contented myself with select¬ 
ing those portions of our commonest plants, usually their seeds, which contain them 
in the greatest abundance. 

The first substance on which I operated was the seeds of the Phaseoku communis , 
or common horse-bean. This bean contains about 20*8 per cent, of caseine and 
1*35 per cent, of albumen, amounting in all to a little more than 22 per cent, nitro¬ 
genous matter. The beans were destructively distilled in cast-iron cylinders, about 
three feet high and eight inches in diameter. The products of tbe distillation were 
collected by means of a large condensing Liebig’s apparatus, kept carefully cool. 
A great deal of combustible but non-condensable gas was evolved. It bad a very 
disagreeable foetid odour. Tbe liquid which passed into the receiver was strongly 
alkaline, so much so as to require about a third of its bulk of muriatic acid of ordi¬ 
nary strength to neutralize it. It closely resembled the products of tbe distillation 
of bones, flesh and other animal matters, being very complex, and comprising, among 
other substances, acetone, wood-spirit, acetic acid, empyreumatic oils, tar, a great 
deal of ammonia, and several organic bases. Tbe crude produce of tbe distillation 
was then treated with a considerable excess of muriatic acid, and tbe clear liquid, 
after subsidence, was poured off from the tar and other empyreumatic matters which 
had fallen to the bottom of the vessel. Tbe tarry residue was also repeatedly 
agitated with small quantities of water, so long as any bases appeared tobe dis- 
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solved. The several liquors were then mixed together, and were boiled for a couple 
of boon ia a copper pan, or still more conveniently in aa iron pot lined with enamel. 
This dissipated the acetone, wood-spirit, and a great deal of the neutral *and add 
empyreumatic volatile oils contained in the liquid. The boiling also rendered the 
tar less soluble by converting it and the fixed oils into imperfect resins. The acid 
liquor was then left at rest till it was quite cold, when it was passed through a doth 
filter containing a quantity of pounded charcoal, which retained the greater portion 
of the resinous matter. The clear liquid was then introduced into a capacious still, 
and largely supersaturated either with quick-lime in fine powder, or with carbonate 
of soda, as was found most convenient. 

As soon as heat was applied to the still a great deal of ammonia was evolved, and 
when the liquid boiled a quantity of oily bases began to appear in the ammoniacal 
liquor which passed into the receiver. Their amount increased as the distillation 
proceeded. As the first half of the liquid which came over was by much the richest 
ia bases, it was collected separately from the succeeding portions, which contained 
scarcely any undissolved oil, but consisted chiefly of an aqneous solution of the bases. 
The distillation was continued however tiii the liquid which condensed in the 
receiver had only a slightly alkaline reaction. The mixture of oils which collected 
on the surface of the first portion of the distillation was drawn off with a pipette and 
then saturated with muriatic acid, which left any neutral oil which had been mixed 
with it undissolved. The oil was removed by passing the solution through a wet 
paper filter. The clear liquid was next supersaturated with carbonate of soda, and 
rectified in a large glass retort. It was found advantageous to employ a great excess 
of alkali for this purpose, as these bases are much more soluble in water than in 
strong alkaline lyes, and therefore distil over more readily from solutions which are 
strongly alkaline. The bases which passed over into the receiver were drawn off, as 
before, by means of a pipette from the ammoniacal liquor on which they floated, and 
were collected in any suitable bottle. The weak alkaline liquors of the previous di¬ 
stillation, which had ceased to yield bases by simple rectification, were again neutral¬ 
ised with muriatic acid, and cautiously concentrated to about half, or even a third, 
of their bulk, according to their state of dilution. Care should be taken however not 
to concentrate these liquors, unless in case of necessity, as long-continued boiling has 
always the effect of destroying a large portion of the bases, which are oxidated and 
converted into dark-coloured resins. The bases were again rectified with water, 
which removed much of the resinous matter which bad come over noth them during 
the previous distillations. As they still however retained a good deal of ammonia, 
from which it was necessary to free them, they were washed by being repeatedly 
agitated with successive portions of a strong solution of potash, which dissolved the 
ammonia and retained it in solution. The mixture of the lye and the bases was then 
ponied into a long narrow-necked funnel, which was closed at the bottom, and the 
whole was left for a short time to subside. The bases quickly separated from the 
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potash solution Mid floated on its surface. Hie lye was then slowly run off by open¬ 
ing the bottom of the funnel, and when the whole of it was removed the escape of 
the bases was prevented by again closing the neck of the funnel. This operation 
was repeated till the whole of the ammonia was removed. A quantity of the bases 
remained dissolved in the alkaline lye, occasioning a toss, which however was un¬ 
avoidable. The next step-was to free the bases from the water they had absorbed, 
and which appeared to be nearly equal to that of tbeir own bulk. The water was 
pretty readily removed by agitating the bases with bits of fused potash, so long as 
the alkali appeared to be in the least degree moistened. In order to ensure their 
being perfectly anhydrous, the bases were treated with successive quantities of fresh 
po tash, and were kept in contact with the last portion for nearly a week. The clear 
liquid was then poured off from the potash into a small glass retort and cautiously 
rectified. The first two-thirds of the liquid which came over was a colourless trans¬ 
parent oil. Hie last portions, which distilled at a much higher temperature, bad a 
slightly yellow colour, which increased in depth towards the close of the distillation. 
The colourless and the coloured portions were therefore collected separately. By 
repeated rectifications, however, the last portions of the bases were freed from the 
resinous matter they contained, and rendered as transparent and colourless as the 
first portion. As it was plain from the great variation in tbeir boiling-points that 
the liquids were not homogeneous but consisted of a mixture of bases, many attempts 
were made to obtain them in a separate state by means of fractionated distillation. 
A thermometer was therefore inserted into the mixture of the bases by means of a 
perforated cork passed through the tubes of the retort. The mixture began to boil 
at 108° C., when a very small portion of a limpid colourless oil, which was collected 
separately, distilled over. The thermometer rapidly rose to 120°C., and from that to 
130°, at both of which points small portions of oil were also collected. The boiling- 
point remained stationary for a considerable time between 150° and 155° C., when a 
considerable quantity of the oil distilled over, and a second large quantity also came 
over between 160° and 166° C. The boiling-points of the last portions of the bases 
ranged between 165° C. and 220° C. The products of these different distillations were 
again repeatedly rectified, and by this means bases were obtained corresponding 
more closely with those points at which the thermometer remained longest during 
the first distillation. Though these various bases differed, as we have just seen, so 
considerably in their boiling-points, they still exhibited great similarity of character. 
Thus they formed transparent colourless oils which refracted the light very strongly. 
They were all lighter than water, and possessed the peculiar, pungent, slightly 
aromatic smell,; so characteristic of this class of compounds. When brought in con¬ 
tact with the hands or with clothes, their odour was very persistent. Hie smell of 
the more volatile bases was, as might have been expected, the most pungent. Tbeir 
***** wa8 hot, and when dilated not disagreeable, reminding one of oil of pepper m i nt . 
Hie bases which distilled over at low temperatures were tolerably soluble in wa t e r , 
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at any rate mote soluble than those whose boiling-points were high. They ail dis¬ 
solved in every proportion in alcohol and fat ether. The bases exhibited strong alkaline 
reactions with turmeric paper, and restored the blue colour of litmus. They caused 
abundant fumes when a rod moistened with muriatic acid was held over them, and 
they neutralised acids perfectly, forming in general crystallizable salt. They formed 
double salts with the bichlorides of gold, platinum and mercury. These compounds 
were soluble in water to nearly the same extent as the corresponding aramoniacal 
salts. The platinum salts crystallized in four-sided prisms arranged in stars. The salts, 
which the bases with higli boiling-points formed, were however often contaminated 
with a brownish resin, and crystallized but imperfectly. This was the case also with 
the gold salts. The bases also precipitated the persalts of iron and those of copper 
just as ammonia does, forming like it a fine blue colour when the bases were in 
excess. Though kept for a considerable time in loosely-stoppered bottles,which were 
not unfrequently opened, they remained transparent and colourless; but if exposed 
to a strong light, especially those of them which had the highest boiling-points, they 
gradually became of a deep yellow colour. These bases were pretty readily oxidi- 
zable. When treated with nitric acid, they were rapidly changed into yellowish resins, 
but no charbazotic acid was produced. When brought in contact with hypochlorite 
of liine, they were also changed into brownish resins, but not a trace of aniline could 
be found, though it was carefully sought for. When the bases were boiled for a few 
minutes in a retort, they gradually became coloured, though the liquid which distilled 
over was as colourless as at first. At the close of the distillation a small quantity of 
resinous matter remained in the retort. I shall now subjoin some very imperfect 
analytical details, in order to give in the meantime some idea of the nature of these 
bases. I regret that the difficulty I have hitherto experienced in procuring them in 
large quantaties has prevented me from submitting them to the thorough examina¬ 
tion they deserve, and which I hope ere long to accomplish. It is not that beans 
and other seeds, as we shall presently see, yield smaller quantities of bases than 
bones and otber animal substances; on the contrary, their product in bases is equal 
to that obtained from the distillation of bones, and, as might have been expected, 
much greater than that from. coal. The difficulty wholly arises from tbis circum¬ 
stance, that as both bones and coal are regularly distilled on the largest scale for 
commercial purposes, the crude oils of both bones and coal may be easily procured 
In any quantity, and from these their respective series of bases may be readily pre¬ 
pared, In regard to the bases from beans and similar seeds, however, the case is very 
different, the scientific chemist requiring to distil these substances on purpose, an 
operation which cannot be conveniently conducted in a laboratory,'as the necessary 
apparatus is so large as to be almost upon a manufacturing scale. 

I. 0-298 grui. of the base, boiling between 150° and 156° C., when analysed gave 
0*815 carbonic acid and 0*222 water. 

II. 0-270 grtn. gave 0*7405 Co* and 0*189 water. 

h 2 
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IOC 750*0 

74*98 

I. 

74*60 

n. 

74*78 

6H 76*0 

7*49 

8*18 

7’Tf 

IN 175*2 

17*53 



1000*0 

100*00 




When the anhydrous base combined with muriatic acid much heat was evolved. The 

muriate was very soluble in water, but when sufficiently concentrated it crystallised 

in (deader prisms. With sulphuric and nitric acids the base also formed similar 

compounds. The platinum double salt was readily procured by adding bichloride of 

platinum to a pretty concentrated solution of the base in muriatic acid. This salt 

crystallized in four-sided prisms, arranged in stars of a deep yellow colour. It was 

rather less soluble in water than the corresponding ammoniacal compound. It was 

purified by a second crystallization out of water, which freed it from a little resinous 

matter it was apt to contain at the first. The formula of this salt was C 10 H e N, 

HC1, PtCLj, and the calculated quantity of platinum 34*50 per cent. 

♦ 

I. 0*7314 grin. salt, dried in vacuo> gave 0*254 Pl=34*72 per cent. 

II. 0*3150 grm. salt gave 0*109 Pl=34*60 per cent. 

When chloride of gold was added to a solution of this base in muriatic acid, a 
double salt was immediately formed. It crystallized very readily in pale yellow 
needles, which were very soluble in hot water, and were again deposited on the 
cooling of the liquid. 

It is evident that this base, the probable formula of which is C, 0 H 6 N, approaches 
very closely in its composition to nicotine, and in its characters to picoline, the base 
discovered by Dr. Anderson in coal-tar. The formula of nicotine is C 10 H 7 N. The 
boiling-point of the new base is higher than that of picoline, and its solubility in 
water is much less. Dr. Anderson says that picoline is soluble in water in every 
proportion, while this base requires at least six or seven times its bulk of water to 
dissolve it. The new base was lighter than water. Its smell was peculiar and 
slightly aromatic. Its taste was hot, reminding one of peppermint. It dissolved in 
every proportion, both in alcohol and in ether. It remained colourless, though kept 
in an imperfectly stoppered bottle, if not exposed to a strong light. It caught fire 
readily, and burnt with a bright smoky flame. 

In order to obtain an approximative idea of the per-centage composition of the other 
bases with which this was accompanied, three of them were subjected to analysis. 

I. 0*3632 grm. of the base, or not improbably mixture of bases, boiling between 
160° and 165° C., gave 0*715 carbonic acid and 0*191 water. 

II. 0*230 grm. of the liquid, boiling between 165° and 170° C., gave 0*661 carbonic 
«dd and 0*1835 water. 

III. 0*197 grm., boiling between 200° and 210° C., gave 0*547 Co 2 and 0*155 water. 

I. II. IU. 

C 74*08 75*42 ' 75*63 

H 8*06 8*52 8*73 
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It is rather singular that die amount of carbon and hydrogen does not vary more, 
white the boiling-points of these bases, or not improbably mixture - of bases, are so 
exceedingly different. They all form double salts with chlorides of gold and platinum. 
Those with the highest boiling-points do not crystallize so readily as the less volatile 
bases, and are apt to be contaminated with resinous matter. As the height of their 
boiling-points rises, the solubility of the bases in water diminishes. They all appear to 
possess equally strong basic properties. Their detailed examination most however 
be reserved for a future communication. 

As the Phaseolu communis was selected as the representative of that numerous 
tribe of plants, the Leguminosse, of which the various kinds of beans, peas, lentils, 
&c. are the most familiar examples, the next substance subjected to distillation was 
oil-cake, or the dried seeds of Linum usitatissimum , from which the fat oil bad been 
expressed. Oil-cake was selected as the type of the numerous class of plants in 
which the starch of the Gramme® is replaced by oil. Of these, the poppy, rape, 
mustard, &c. are the best known. They are all very rich in vegetable albumen. 
The oil-cake was broken into moderate-sized pieces and distilled in the same cylinders 
as were employed for the beans. The quantity on which I operated was about two 
hundred weight. It yielded, as might have been expected, a smaller amount of 
liquid products than the beans. Tbeir odour was peculiarly offensive. They con¬ 
sisted of acetone, acetic acid, a great deal of tar and empyreumatic oils. The quan¬ 
tity of ammonia was also exceedingly great. I was however disappointed to find 
that the organic bases were much less than in the case of the beans, amounting to 
not more than a third of what they yielded. The only way in which I can account 
for this different result, is from the greatly higher temperature at which the oil-cake 
was distilled, the heat not being mitigated, as in the case of the beans, by the presence 
of much moisture. Now, as alt these volatile alkaloids are when highly heated re¬ 
solved into ammonia, I think there is every reason to conclude, that in this, as in 
many other instances, a large portion of the bases which would have been generated 
at a lower temperature, were either not formed at all, or were destroyed immediately 
after tbeir formation. The large amount of ammonia and the deficiency of the other 
bases is thus very naturally accounted for. The bases from oil-cake were separated 
and purified by similar methods to those employed for the preceding bases. They 
also formed a different series from either the coal or the bone bases, as they contained 
neither aniline nor quinoline. Their odour also differed considerably from that of 
the bases from beans, which however they closel/resembled in other respects; their 
basic properties were equally decided, and they also formed similar salts. It appears 
probable enough therefore that some of the bases in both series are identical. But 
on this subject I expect to be able to speak more decidedly in a future paper. 
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Wheat. 

A considerable quantity of tbe floor of Trtticum hybemtm, or common wheat, was 
also destructively distilled. Wheat was selected as a type of tbe Gramineee, a most 
important order of plants, of which barley, oats, niaise, &c. are these with which we 
are most familiar. 

Tbe liquid which the wheat-flour yielded, unlike that of the two preceding sub¬ 
stances, was strongly acid from tbe large quantity of acetic acid it contained, derived 
from the starchy matters of tbe grain. Tbe amount of acetone and wood-spirit was 
also very considerable. The empyreumatic products had a much less offensive odour 
than those from either oil-cake or from beans. The amount of ammonia was by no 
means inconsiderable, but the quantity of organic bases was less than I expected. 
They amounted however to pretty nearly the same quantity as those yielded by oil¬ 
cake. They did not contain either aniline or quinoline, and closely resembled the 
two preceding series in their general characters. They seemed however to be more 
volatile, distilling over at a lower temperature. At present 1 shall confine myself to 
the statement, that wheat, and most probably the other Gramineoe when distinctly 
distilled, also yield organic bases. As the starch in wheat, the quantity of which is 
so considerable, only forms acetic acid and other non-nitrogenated products, I intend 
in repeating this experiment to employ the gluten from the starch-makers, which 
contains almost tbe whole of the nitrogen in the wheat, and being a refuse product 
can be had for a trifle. 


Peat. 

A quantity of peat from the moors in the neighbourhood of Glasgow was also 
destructively distilled. I selected for this purpose the densest peat I could find. It 
had a deep black colour, and was very free from earthy matters. The products of its 
distillation were very nearly neutral to test-paper, owing to the formation of a con¬ 
siderable amount of acetic acid. Acetone and wood-spirit were also present in con¬ 
siderable quantity. The crude liquor was saturated with muriatic acid and gently 
boiled for some time to drive off the acetone, wood-spirit, &c., by which much of the 
tarry matter was held in solution. On the cooling of the liquid, tbe tar readily soli¬ 
dified and formed a soft crust on tbe surface, which was easily removed. Tbe dear 
liquid was then supersaturated with carbonate of soda and distilled. The ammo- 
niacal liquor which passed into the receiver contained a considerable amount of bases, 
which floated in it as a light oil. These were freed from ammonia and purified by 
the same means as in tbe preceding instances. Tbe bases from peat bore a much 
larger proportion to the amount of ammonia than was the case with oil-cake. I 
ascribe this result chiefly to the porous nature of peat which conducts heat but 
slowly, and also to the greater degree of moisture contained in it. Tbe bases there¬ 
fore being distilled at a much lower temperature, a .smaller amount of them was 
resolved into ammonia than in the instance of oil-cake. 1 expected to have found 
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aniline among the bases, but they appeared to contain neither it nor quinoline. They 
resembled the preceding series pretty closely therefore, bat whether they will prove 
identical with them or not I am at present unable to say. 

Dtitillation of Wood. 

Through the kindness of Mr. Turnbull, an extensive manufacturer of pyroligneous 
acid in this city, 1 was enabled to examine considerable quantities of the crude acid 
liquor obtained from the destructive distillation of beech, oak, ash and other bard 
woods. The stems and the larger branches of these trees are alone employed for this 
purpose. 1 was astonished to find that these liquors contained scarcely a trace of 
ammonia or any other organic bases. The woody portions therefore of the stems 
and trunks of trees appear to be almost entirely devoid of nitrogenous matter, in 
which respect they exhibit a remarkable contrast to peat. 

This circumstance appears to me as perhaps calculated to throw some light upon 
a question of great interest to geologists, viz. the origin of the coal-beds. Whether 
therefore have the coal-beds been formed by the submersion of whole forrests mid 
the floating of uprooted timber into estuaries and lakes, or whether are they due to 
the submersion of beds of peat ? Now irrespective of all other considerations which 
might be urged in favour of the latter opinion, I would remark that the amount of 
nitrogen in coal, and consequently the quantity of ammonia and other bases which it 
yields when destructively distilled, are very considerable, constituting in fact an ex¬ 
tensive branch of chemical manufacture. Wood, however, as we have just seen, 
appears to be quite incapable of furnishing the amount of nitrogen which we find 
existing in coal. Peat, on the other hand, from the quantity of ammonia and other 
bases which it yields when destructively distilled, is capable of furnishing more than 
the required amount of ammonia. This circumstance appears therefore highly con¬ 
firmatory of the opinion, that the true source of coal is only to be sought for in peat. 

As was already observed, I expected to have been able to procure from peat, in 
addition to ammonia, aniline, quinoline, picoiine and the other coal bases. 1 did 
not find these however, but merely an analogous series of bases. I can only account 
for this result on the assumption that the different genera of plants, when destruc¬ 
tively distilled, yield different series of organic bases. This we already know to be 
the case in several instances; for when indigo or any of the indigoferce are destruc¬ 
tive distilled, they yield ammonia and aniline; tobacco leaves, when similarly treated, 
yield ammonia and nicotine; the different species' of the Peruvian bark, quinoline, 
and beans, wheat, oil-cake, &c., as we have already seen, do not yield aniline and 
quinoline, but are analogous series of bases. I am induced to believe therefore that 
the reason why modern peat does not yield the identical bases found in coat is, be¬ 
cause the peat beds of primitive times, which in the course of ages have been con¬ 
verted Into coal, were formed from the decaying remains of quite different plants 
than the various species of Erica and those other vegetables which constitute the peat 
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ceedingiy. A strongly atamoniacal liquid distilled over. apqomfpniod J^yjqkgepmiatjp 


ml, very similar to that obtained from the bepns- The aoustomaosl liquid was ntO' 
Jmfiixed with muriatic add and concentrated. Dering this operation (ha avopfttic 
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ail was converted into ft brownish resin. The concentrated liquid was then super¬ 
saturated with carbonate of soda and redistilled. The ammoniacal solution which 
came orer contained a considerable quantity of oily bases. 1 am at present unable 
to state what these bases are, bnt hope to do so in the coarse of a few weeks; One 
advantage in operating-with caustic lyes is, that the bases are immediately obtained 
quite free from eiupyreumatic oils or resins. 

2. Formation of Boon by meant of Sulphuric Acid .—A quantity of beans was also 
digested with sulphuric acid, diluted with three or four times its bulk of water. 
The beans, as in the previous instance, were speedily d i si nte grated. Care was taken 
to prevent the action proceeding so for as to decompose the sulphuric add and to 
generate sulphurous acid. The strongly acid liquid, after being filtered, was super¬ 
saturated with carbonate of soda and distilled. The ammoniacal liquid which passed 
into the receiver was, on examination, found also to contain organic bases. I 
think it may be inferred, therefore, that when other vegetable and animal substances 
are similarly treated they will also yield analogous results. 

3. Bases by Putrefaction. —Putrefaction is the only other method 1 at present 
recollect by which ammonia is procurable, in quantity, from animal and vegetable 
substances. I have not at the moment an opportunity of ascertaining whether in 
these cases also the ammonia is accompanied with the formation of organic bases, 
though 1 feel strongly inclined to believe that it is. The peculiarly disagreeable odour 
of the ammoniacal liquors, derived from putrid substances, appears to indicate the 
presence of such bases. And I should not be at all surprised, if, from the very gentle 
nature of the process, putrefaction should prove to be the most advantageous method 
of preparing the volatile alkaloids on a large scale. 

Guano. 

Knee the above was written, I distilled an aqueous solution of a quantity of Peru¬ 
vian guano with an excess of quick-lime. The guano had a pale yellow colour, was 
very dry, and emitted a comparatively feeble odour. The strong ammoniacal liquid 
which distilled over was neutralized with muriatic acid, and concentrated to about 
a third of its bulk. It was then supersaturated with carbonate of soda and redistilled. 
Hie liquid which passed into the receiver contained a small, but very appreciable 
quantity of a basic oil, similar to that obtained from the preceding substances. 
Muriatic acid dissolved it very readily, forming a transparent solution, from which 
it was precipitated by alkalies. It was considerably more soluble in water than any 
of the bases previously described. Its amount was Iras than I expected, though 
guano cannot be regarded as a favourable example of the usual effects of putrefaction 
on a complex nitrogenous substance, as the chief portion of the nitrogen contained 
in it existed from the first in the state of ammoniacal salts. Guano, however, in 
addition to ammonia, also contains a quantity of volatile organic bases. 

From die facts which have been now stated, I think it may be pretty safely 
mocccju i 
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aimed, that “ whenever ammonia ie generated m targe quantity from complex, either 
dmmat er vegetable mibetancie, ft is atomy* ew empa n ied dyHke'fdhed^Mtf- 
or smeller amount of volatile organic bares!' fftberefore researches similar to the 
present** actively p ro s e cut ed, and if the Mb andleavesGf dw wrisw g e n ev a of 
plants especially are snbjected to> these or similarpro cesses , it-seems aotamrsataas* 
able to expect that the number of the volatile organic alkaloids will ere long be 
considerably increased. ' ... 

< Anotberinference which we think maybe fairly deduced from these experiments is, 
that the nitrogenous principles ofplants, viz. vegetable albumen, caserne, fibrine, itc* 
though very analogous, are <aot identical with the corresponding principles of the 
animal kingdom, otherwise the products of their decomposition would have been th* 
same. Hie same series of bases wonld therefore have been obtained from both beuM 
and bones, and so also freon the other animal and vegetable subeiinces. Thisyas wo 
have seen, however,' is not the ease $ I should therefore be disposed to eonelade that 
animal and vegetable fibrine, easeine, &c., though very analogous,'are not identical 
substances, as has hitherto been supposed by some eminent chemists. 

in conducting the destructive distillation of animal and vegetable substances, the 
chief point to be attended to is to operate at as low a temperature! as possible, for I 
have not unfrequently found that when the beat had been inadvertently 1 raised loo 
high the organic bases were almost entirely destroyed, and ammonia was conse¬ 
quently almost the only alkaline product. I strongly suspect, therefore, that in many 
cases a considerable portion of the ammonia obtained from the distillation of animal 
and vegetable substances is really derived from the destruction of organic bases. 
This will appear still more probable when we consider that the organic bases are 
more complex in tbeir structure than ammonia, and that if we pass even the most 
stable of them once or twice through a tube filled with red-hot charcoal, they are 
almost entirely resolved into that alkali. And even when organic bases are strongly 
heated in contact with potash or soda, or when their aqueous solutions are simply 
boiled for any length of time, they always undergo partial decomposition, ammonia 
bring an invariable produet. <, .* 

I must again apologize for the imperfect state of this paper. It is however merely 
the first of a series, and will, I trust, be regarded as only preliminary to mere mature 
investigations. 

, t ' , > ,, ,, *• y t i J i t 

‘ t , \ it \ , | , ^ ^ j 1 < « r j 

Glasgow , 1 ltA June, 1849. ' 
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i4 Since the preceding paper was written several additional experiments here been 
made, seeae of tbe results of which 1 now beg lease tosnbjora. • 

ft* f y (Im- lit' •’* t f fl " * . > * ‘ . \ ' 

Base* by putrefaction. 

Aqnantity of horse-flesh which had been cot into small pieces and the jaice 
extracted by leog-oontinued boiling, was moistened with water and was placed inn 
warm situation for nearly a month. It became very putrid and was fall of maggots. 
It was then supersaturated with muriatic acid, and repeatedly agitated with water so 
long as anything was dissolved. The acid liquor was superfluous, concentrated to a 
moderate balk, and filtered to remove the floceulent and albuminous matters collected 
in it. The dear liquid waswest supersaturated with carbonate of soda and subjected 
to distillation. A highly alkaline liquor came over, consisting chiefly of carbonate of 
ammonia, but mixed with small quantities of organic bases. By repeated rectifica¬ 
tions with caustic soda, a quantity of a light oily fluid consisting of one or more bases 
was separated. It bad a pleasant aromatic odour, and was exceedingly soluble in 
water, from which however it separated, when sufficiently concentrated, as a trans¬ 
parent odourless oil, which was strongly alkaline, saturating acids and forming salts 
similar to those of the preceding bases. I was surprised however to find that it did 
not contain any aniline. The quantity of organic bases obtained by this experiment, 
though very appreciable ia amount, was not nearly so great as I had anticipated; as, 
instead of yielding more than was obtained by destructive distillation, it gave a great 
deal less. Had however the superfluous putrefaction been carried far enough, and 
the whole of the flesh been decomposed, it is not improbable that as large or even a 
greater amount of bases would have been obtained as by destructive distillation; bed 
a great deal of time would have been required to have effected the complete decom¬ 
position of the flesh by simple putrefaction. The present experiment however suffi¬ 
ciently proves that putrefaction forms no exception to the law I have ventured to 
lay down in a preceding part of this paper, vis. “that whenever ammonia is gene¬ 
rated in quantity from a complex organic substance, it is always accompanied by tbe 
production of a larger or smaller amount of organic bases.” It is also remarkable that 
tbe pntre&ction of flesh in this instance yielded no aniline, which is a constant and 
considerable product when either flesh or bones are destructively distilled. Tbe nature 
of the organic bases obtainable from tbe decomposition of nitrogenous substances 
appears to be dependent therefore on tbe processes to which they are subjected. 

Bases from Lycopodium. 

A quantity of lycopodium (pollen) was boiled with some strong soda-lye, and then 
evaporated to dryness. It was next destructively distilled in an iron retort, and tbe 
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products collected in the way already so frequently described. Besides much ammonia 
they contained a considerable quantity of a basic oil but slightly soluble in water, of a 
very peculiar and penetrating odour resembling that of the borage plant. It neutral¬ 
ized 4did» perfectly, 'andfWas evidently quite distinct from hny of the bases pre^fouify 
met with. A quantity of lycopodium destructively distilled perdue also yielded this 
base, but towards the close of the distillation it was inixe^t with other bases resem¬ 
bling those previously described. Lycopodium therefore affords, us another, proof 
that different tribes of vegetables, when destructively distilled, furnish a diversity of 
volatile organic bases. 

Bases from the Common Fern (Pteris aquilina). 

A quantity of the stems and leaves of the fern Pteris aquilina were also de- 
strnetively distilled. They yielded a very alkaline liquid, containing much ammonia 
and a considerable quantity of oily bases similar in character to those obtained 
from bean6, oil-cake, &c.; but I am at present unable to determine their nature 
individually. 
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V Hot is a very brisk agitation of the in sensible parts of the object, which produce* in us that sensation 
from, whence we denominate the object hot; so what in our sensation is heal, in the object is nothing hot 
motion. ''—Lo wot . 

“ The force of a moving body is proportional to the square of its velocity, or to the height to which it would 
nK* against gravity."— Lkibnitz. 


In accordance with the pledge I gave the Royal Society some years ago, I have now 
the honour to present it with the results of the experiments I have made in order to 
determine the mechanical equivalent of heat with exactness. I will commence with 
a slight sketch of the progress of the mechanical doctrine, endeavouring to confine 
myself, for the sake of conciseness, to the notice of such researches as are imme¬ 
diately connected with the subject. I shall not therefore be able to review the valu¬ 
able labours of Mr. Forbes and other illustrious men, whose researches on radiant 
heat and other subjects do not come exactly within the scope of the present memoir. 

For a long time it had been a favourite hypothesis that heat consists of “a force or 
power belonging to bodies*,” but it was reserved for Count Rumford to make the first 
experiments decidedly in favour of that view. That justly celebrated natural philoso¬ 
pher demonstrated by bis ingenious experiments that the very great quantity of heat 
excited by the boring of cannon could not be ascribed to a change taking place in the 
calorific capacity of the metal; and he therefore concluded that the motion of the 
borer was communicated to the particles of metal, thus producing the phenomena of 
heat:—“ It appears to me,” he remarks, “extremely difficult, if not quite impossible, 
to form any distinct idea of anything, capable of being excited and communicated, 
in the manner the heat was excited and communicated in these experiments, except 
it be motion-f.” 

One of the most important parts of Count Romford’s paper, though one to which 
* Crawford on Animal Heat, p. 15. 

f *• An Inquiry concerning the Source of the Heat which is excited by Friction/* Phil. Trans. Abridged, 
vol. xviii. p. 286. 
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little attention has hitherto been paid* is that in which he make* m estimate of the 
quantity of mechanical force required to produce a certain amount of heat* Refer¬ 
ring to his third experiment, he remarks that the “ total quantity of ice-cold water 
which, with the beat actually generated by friction, and accumulated in 2 U 3d" 1 , might 
have been heated 180°, or made to boil, =26 58 lbs.” # In the next page he states that 
“ the machinery used in the experiment couki easily be carried round by the force of 
one horse (though, to render tine work lighter, two horses were actually employed in 
doing it).” Now the power of a horse is estimated by Watt at 33,000 foot-pounds 
per minute, and therefore if continued for two hours and a half will amount to 4,950,000 
foot-pounds, which, according to Count Rumford’s experiment, will be equivalent to 
26*58 lbs. of water raised 180°. Hence the heat required to raise a lb. of water 1° will 
be equivalent to the force represented by 1034 foot-pounds. Tins result is not very 
widely different from that which I have deduced from my own experiments related 
in this paper, viz. 772 foot-pounds; and it must be observed that the excess of Count 
Romford’s equivalent is just such as might have been anticipated from the circum¬ 
stance, which he himself mentions, that “ no estimate was made of the heat accu¬ 
mulated in the wooden box, nor of that dispersed during the experiment.” 

About the end of the last century Sir Humphry Davy coinmuuicated a paper to 
Dr. Beddoes’ West Country Contributions, entitled, “ Researches on Heat, Light 
and Respiration,” in which he gave ample confirmation to the views of Count Rum- 
ford. By rubbing two pieces of ice against one another in the vacuum of an air- 
pump, part of them was melted, although the temperature of the receiver was kept 
below the freezing-point. This experiment was the more decisively in favour of the 
doctrine of the immateriality of heat, inasmuch as the capacity of ice for beat is much 
less than that of water. It was therefore with good reason that Davy drew the in¬ 
ference that (< the immediate cause of the phenomena of heat is motion, and the laws 
of its communication are precisely the same as the laws of the communication of 
motion^ ” 

The researches of Dulong on the specific heat of elastic fluids were rewarded by 
tbe discovery of the remarkable fact that “ equal volumes of all tbe elastic fluids, 
taken at the same temperature, and under the same pressure, being compressed or 
dilated suddenly to tbe same fraction of their volume, disengage or absorb the same 
absolute quantity of heat%'' This law is of tbe utmost importance in the development 
of the theory of heat, inasmuch as it proves that the calorific effect is, under certain 
conditions, proportional to the force expended. 

In 1834 Dr. Faraday demonstrated the “ Identity of the Chemical and Electrical 
Forces.” This law, along with others subsequently discovered by that great man, 
showing the relations which subsist between magnetism, electricity and light, have 

* “ An Inquiry concerning the Source of the Heat which is excited by Friction.'* Phil. Tram. Abridged, 
voi. xviii. p. 283. 

f Elements of Chemical Philosophy, p. 94. J Mdmoires de l’Acaddmic des Sciences, t. x. p. 188. 
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enabled him to France the idea that the eo-Caiied imponderable bodies ate merely 
the exponents of different forms of Force. Mr. Grove and M. Mayer have also 
given their powerful advocacy to similar views. 

My own experiments in reference to the subject were commenced in 1840, in which 
year I communicated to the Royal Society my discovery of the law of the heat evolved 
by voltaic electricity, a law from which the immediate deductions were drawn,—1st, 
that the beat evolved by any voltaic pair is proportional, ceeteris paribtis, to its inten¬ 
sity or electromotive force*; and 2nd, that the beat evolved by the combustion of 
a body is proportional to the intensity of its affinity for oxygen***. I thus succeeded 
in establishing relations between heat and chemical affinity. In 1848 I showed that 
the heat evolved by magneto-electricity is proportional to the force absorbed; and 
that the force of the electro-magnetic engine is derived from the force of chemical 
affinity in the battery, a force which otherwise would be evolved in the form of beat: 
from these facts I considered myself justified in announcing “ that the quantity of 
heat capable of increasing the temperature of a lb. of water by one degree of Fahr¬ 
enheit's scale, is equal to, and muy be converted into, a mechanical force capable 
of raising 838 lbs. to the perpendicular height of one foot|.” 

In a subsequent paper, read before the Royal Society in 1844, I endeavoured to 
show that the heat absorbed and evolved by the rarefaction and condensation of air 
is proportional to the force evolved and absorbed in those operations The quan¬ 
titative relation between force and heat deduced from these experiments, is almost 
identical with that derived from the electro-inagnetic experiments just referred to, 
and is confirmed by the experiments of M. Seguin on the dilatation of steam jj. 

From the explanation given by Count Rumford of the heat arising from the fric¬ 
tion of solids, one might have anticipated, as a matter of course, that the evolution 
of heat would also be detected in the friction of liquid and gaseous bodies. More¬ 
over there were many facts, such as, for instance, the warmth of the sea after a few 
days of stormy weather, which had long been commonly attributed to fluid friction. 
Nevertheless the scientific world, preoccupied with the hypothesis that heat is a sub¬ 
stance, and following the deductions drawn by Pictet from experiments not suffi¬ 
ciently delicate, have almost unanimously denied the possibility of generating heat in 
that way. The first mention, so far as I am aware, of experiments in which the evo¬ 
lution of heat from fluid friction is asserted, was in 1842 by M. Mayer^[, who states 
that he has raised the temperature of water from 12° C. to 13° C., by agitating it, 
without however indicating the quantity of force employed, or the precautions taken 
to secure a correct result. In 1843 I announced the fact that “heat is evolved by 
the passage of water through narrow tubes**,” and that each degree of heat per lb. 
of water required for its evolution in this way a mechanical force represented by 

* Phil. Mag. vol. xix. p. 275. t Ibid. vol. xx. p. 111. } Ibid. vol. xxiii. p. 441. 

$ Ibid. vol. xxvi. pp. 375. 379. 0 Comptea Rendua, t. 25, p. 421. 

Aanalen of Wcehlbb and Liebig, May IB42. ** Phil. Mag. vol. xxiii. p. 442. 
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77Gfoot-poi*»ds. Subsequently, in 1845* and 1447«tv i employediapmldle.»fc«sl to 
produce tbs fluid friction,*nd obtained the equivalents 781*6, 782*1 and787^re- 
spectively, from the agitation of water, sperm-oil and mercury. - Resokssoctosely 
coinciding with one another, and with those previously derived from experknentfe 
with elastic fluids and the electro-magnetic maCbine, lef^ no doubt on mymla&sh to 
tbe existence ofan equivalent relation between &eoe and beat; b«» stUMt appCared 
Of'the highest importance to obtain that relation with still greater acewreoy.* ‘i'Hlte'1 
bareattwnptedwibe present paper. /• > mi* u 1,;$ ■.»»; t .1 t i*nj { >» '*tiJ K> 


i‘t j ■ ■■ » . .. ■ 'H 

Dncriptimef Apparatus. —The thermometers employed badtiseirtubes calibrated 
and graduated according to the method first indicated by Mi Rronaplt. > TVo of thedi, 
which I shall designate by A and B, were constructedby Mr. Dancer of Manchester-; 
the third, designated by C, was made by M. Fastrr of Paris. . The graduation nf 
these instrumints was so correct, that when compared together their mdkatjooRlco- 
incided to about y^jth of a degree Fahr. 1 also possessed another exaet instrument 
made by Mr. Dancbh, the scale of which embraced both the freezing and boiling- 
points. - The fatter point in this standard thermometer was obtained, rathetwual 
manner, by immersing the bulb and stem in the steam arising froina. considerable 
quantity of pure water in rapid ebullition. During the trial the barometer stood it 
#9 84 inches, and the temperature of the air was 50°; so that the observed point in¬ 
quired very little correction to reduce it to 0*760 metre and 0° C., the presume need 
in, France, and I believe the Continent generally, for determining the; boiling-point, 
and which has-been employed by me mi account of the number of aoemrate^thermo- 
metrical researches which hare been .constructed on that bask The valuewofthe 
scales of thermometers A and <B were ascertained by plunging them, along with the 
standard in large volnmes of water kept constantly at various tbmperatunw.ui Tbe 
value of the scafa of thermometer € was determined by comparison A.i Jit was 
thus found that the number of divisions no responding to 1° Fa he. inthe tbermw- 
meters A, JB and C, wove 12*551,9*629 and l l*t>47, respectively, i And since Constant 
practice had enabled me to read off with the naked feye to i/gth of a division, iti {fol¬ 
lowed that ffojth of a degree Fahr. was an appreciable temperature., c !.,w. , a a .M 

Plate Vil. fig. 1 represents a vertical, and fig. 2 a horizontal plan of flits tippacat uaera*- 
ployed for producing the friction of water, consisting; of a brass paddle-wheel famished 
with eight sets of revolving arms, a, a,bus., working between four sets of stationary wades, 


'■ n, ‘’ *'*' ’ * 1 ' *• • >'**> i *' •«. • - , 1 1 

l* Pl»il Mag.. yol. xxvii. p. 205, f Ibid- vof Esp^ft.,1,73, and 

t A barometrical pressure of 30 inches of mercury at 60° is very generally employed in this, country, mid 
fortunately agrees almost exactly with the continental standard. In tie ^ fieport of*the'’dommiUee^appomiecl 


by the Royal Society to consider the best method of adjusting the Fixed Points of Thermometers/ * Fhilosqplnca] 
Transactions, Abridged, xiv. p. 258, the barometrical pressure 29*8 » recommended, but the tcmfwnture I# 
not named,—a remarkable omission in a work so exact in other respects. 
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*4 to afrpmeWoik. fiteoimiahtssF bnass.i -Tbflwase axis.af. th&paddfc- 

whorl,worked fnaety,<but without sbpk ing, tmitsibearings at cv c,ftdd at dwas divided 
jttfelww'parifr lty a piero: af.bbxwoodintepveaingr aonstapcevent the .conduction ;»f 

dimctivnu ili /i run, . <j t iiti/r bio; ijdn.ii.>. .m n .Mi., -uj •> 

>’ Mg. 3repceavatstb«uopper vessel intowbiobthe retolviagaipparatuswaB firmly 
fitted cit bad * copper, lid.tlie flauge. of width* farhisbed with; a *ery thin washer tof 
leather saturated with whitte.lead, canid be screwed perfectly watertight tojibeiiange 
of tbe copper vessel. In the lid there were two oedqsy Ov^ riraibtmsrfqr the. axis tt> 
revolve In without touching, the latter for the insertion of the thermometer. 

Besides the above I bad a similar apparatus for experiments on tbe friction of mer- 
«uryy Wbichiarepresented by figs.4,5 aadd. itdififti-edfrofnthfe apparatusaktady 
described ^tt its size ;nUu*er of vames, afwliioh six were rotary and eight sets Sta¬ 
tionary ; and material; which was wrought iron id the padtlk-wbeel, auodc&st .ken 
ia the vesaeland lid. >.‘S ur.-. I \t >. n . . ■ - .. -j<j 5 

Being anxious to extend myexperiments to the friction of solids, 1 also procured 
the .apparatus represented by fig. f, m Which.a a is tfaetaxis revolving along with the 
beveled cast-iron wheel ft,, the rim of which was turned true.; By moans xrf the lever 
€, which bad a ring.in its centre.for the axis to pass through, and two short arms.4, 
the bevel turned cast-iron wbeel c could he pressed against the revolving wheel {. the 
decree of .force applied, being regulated by hand by means of the wooden lever 
attached to /the perpendicular iron rod g. Fig. 8 represents tbe apparatus so its 
caat-iraa wmel. ^ ,,>p 

Fig. 9 ism perspective view of the machinery employed to set the frictional.appa¬ 
ratus Justi described in motion.: a a are wooden puUeys, 1. foot In, diameter and 
a inebos thick, hdving wooden rollers a inches in diameter, and steel axles Cc, eg, 

one (quarter Of an inch in diameter. The pulleys wereiturned perfectly trueamd equal 
to lone another,) .Their axles were supported by brass friction wheels dddd, ddddj tbe 
steel hxleft of which worked in holes drilled into brass plates attached to a very. Strang 
wooden framework firmly fixed into, the walls of the apartment?. >ti: 

1 The leaden Weights «, e, which in seme of the ensuing..experiments weighed about 
30 )bs., and id others, about 10 lbs. a piece, Were suspended by string.from the roiieqs 
bb,bb\ and fine twine attached to the pulleys 0 a, connected them with thecentral 
roller /, whtpb, by luwHnsof a . pin,. could with facility be attached to, or/removed 
froim.tbe axis of the. frictional apparatus. > 1 . < . : . 

The wooden stooJ g, upon which the frictional apparatus, stood, was perforated by 
a number of transverse slits, so cut out that only a very few points of wood came in 
convict with the metal, whilst the air had free access to almost every part of it. In 
this way the conduction of, beat to tbe substance of the stool was avoided. 

'(•‘‘USAi vu a tpaciotta cellar, which hadthe advantage of powessag m uniformity of temperature for rape- 

riot to tbaft of any other laboratory I eoaM have used.; • . • t 
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A large wooden screen (not represented in the figure) completely obviated the 
effects of radiant heat from the person of the experimenter. 

The method of experimenting was simply as follows:—The temperature of the fric¬ 
tional apparatus having been ascertained and the weights wound up with the assist¬ 
ance of the stand A, the roller was refixed to the axis. The preeise height of the 
weights above the ground having then been determined by means of the graduated 
slips of wood A, A, the roller was set at liberty and allowed to revolve until the 
weights reached the flagged floor of the laboratory, after accomplishing a fall of 
about 03 inches. The roller was then removed to the stand, the weights wound up 
again, and the friction renewed. After this had been repeated twenty times, the ex¬ 
periment was concluded with another observation of the temperature of the appa¬ 
ratus. The mean temperature of the laboratory was determined by observations 
made at the commencement, middle and termination of each experiment. 

Previously to, or immediately after each of the experiments, I made trial of the 
effect of radiation and conduction of heat to or from the atmosphere, in depressing 
or raising the temperature of the frictional apparatus. In these trials, the position of 
the apparatus, the quantity of water contained by it, the time occupied, the method 
of observing the thermometers, the position of the experimenter, in short everything, 
with the exception of the apparatus being at rest, was the same as in the experiments 
in which the effect of friction was observed. 

1st Series of Experiments .—Friction of Water. Weight of the leaden weights along 
with as much of the string in connexion with them as served to increase the pressure, 
203066 grs. and 203086 grs. Velocity of the weights in descending, 2*42 inches per 
second. Time occupied by each experiment, 35 minutes. Thermometer employed 
for ascertaining the temperature of the water, A. Thermometer for registering the 
temperature of the air, B. 

Table I. 


No. of experiment | Total fall of 
and cause of change | weights in 
of temperature, j inches. 

Mean 

temperature 
of air. 

Diffcicnce be¬ 
tween mean of 
column* 5 and <» 
and column 3. 

Temperature of apparatus. 

Commencement ! Termination of 
of experiment. | experiment. 

Ciaiu or lean* of 
heat during 
experiment. 

1 Friction . 

1 Radiation ... 

1256*96 

0 

57-698 

57-868 

2-252- 
2-040 — 

55-118 

55-774 

O 

55*774 

55*xS2 

0*656 gain ; 
0*10b gain 

2 Friction . 

2 Radiation ... 

1253-16 

0 

58-085 
j 58-370 

mi 

55- 882 

56- 539 


0*657 gain 
0*085 gain 

3 Friction . 

3 Radiation ... 

1253-66 

0 

■SI 

1-596- 

1-373- 

mm 

59-515 

59-592 

0-645 gain 
0-077 gain 

4 Friction . 

4 Radiation ... 

1252*74 

0 

< 

61-001 

6O-&U0 

1-110- 

0-684- 

59- 592 

60- 191 

60-191 

60-222 

0*599 gain 
0*031 gain 

1 

2 

3 

4 

5 

6 

7 
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Table I. (Continued.) 


No. of experiment 
and canin' of change 
of temperature. 

Total fall of 

Mean 

Difference lie- 

Temperature of apparatus. 

Cain or loss of 

weights in 
i aches. 

temperature 
of air. 

columns 5 anrl ti 
and column 3. 

Commencement 
of experiment. 

Termination of 
experiment. 

beat during 
experiment. 

5 Friction. 

5 Radiation ... 

1251-81 

0 

B 

0-431 - 
0-237- 

60-222 

60-797 

60-797 

60-799 

0*575 gain 
0*002 gain 

6 Radiation ... 
6 Fiiction 

0 

1254*71 

59-675 

59-919 

0-125 + 
0*1574- 

59*805 

59*795 


0*010 loss 
0*562 gain 

7 Radiation ... 
7 Friction...... 

0 

1254*02 

59*888 

60-076 

0*209- 
0*111 — 

59-677 

59-681 

59*681 

60-249 

0*004 gain 
0-568 gain 

8 Radiation ... 
8 Friction. 

0 

1251*22 

58*240 

58*237 

0*609 + 
0-842 + 

58*871 

58*828 

58-828 

59*330 


, . 

9 Friction. 

9 Radiation ... 

1253*92 

0 

55-328 

55*528 

0-070 + 
0-148 + 


55*678 

55*674 

0*560 gain 
0*004 loss 

10 Radiation ... 
10 Friction. 

0 

l«87-9<"> 

54*941 

54*985 

0*324 — 
0-085 — 

54*614 

54*620 

54*620 

55*180 

i .. 

0*006 gain 
0*560 gain 

11 Radiation ... 
11 Friction. 

0 

1258*59 

55*111 
55-229 



55*180 

55*733 

0*000 

0*553 gain 

1 2 Friction. 

12 Radiation ... 

1258*71 

0 

55*433 

55*687 

0-238 + 

[ 0-265 + 

55*388 

55*954 

55-954 

55*950 

0*566 gain 
0*004 loss 

111 Friction. 

13 Radiation ... 

1267-91 

0 

f>M>77 

55-674 

0*542 + 
0-800 + 

55*950 

56*488 

! 56*488 

j 56*461 

1 0*538 gain 

| 0*027 loss 

14 Radiation ... 
14 Friction. 

s 0 

I 1259*69 

55*579 

55*864 

1 0-583— 

I 0*568- 

54*987 

55*006 

55*006 

55*587 

0*019 g*ain 
0*581 gain 

15 Radiation ... 
15 Friction. 

! 0 

1259*89 

| 56-047 

56*182 

| 0*448 — 

! 0*279- 

55*587 
55*61 2 

j 55*612 
56*195 

0-025 gam 
0*583 gain 

lt» Friction. 

16 Radiation ... 

: 1251H >4 

! 0 

i 

55*368 

55-483 

0-099 + 

0*250 + 

55*195 

55*739 

55*739 

55*728 

0*544 gain 
0-011 loss 

17 Friction. 

17 Radiation ... 

1259*64 

1 0 

L- . 

55-498 

55-541 

0*499 + 
0*709 + 

55*728 

56*266 

56*266 

56*235 

0*538 gain 
0*031 loss 

18 Radiation ... 
1 H Friction. ^ 

0 

1260*17 

56*769 

56-966 

1*512 — 
1*372 — 

55*230 

55*284 

55*284 

55*905 

0*054 gain 
0*621 gain 

10 Radiation 

19 Friction. 1 

! 0 

i 1262*24 

60*058 

60*112 

1*763— 

1*450- 

58-257 

58*334 

58*334 

58*990 

0-077 gain 
0-656 gain 

20 Radiation ...! 
20 Friction. 1 

0 

1261*94 

60-567 

60*611 

1*542 — 
1*239 — 

58- 990 

59- 060 

59*060 

59*685 

0*070 gain 
0*625 gain 

21 Friction. ; 

21 Radiation ...! 

i 

1264*07 

0 

58*654 

58*62/ 

0*321 - 
0*018- 

58-050 

58*616 

58*616 

58-603 

0*566 gain 
0*013 Ions 

22 Friction. 

22 Radiation ...1 

1262*97 

1 0 

58*631 

58*624 

0*243 + 
0*505 + 

58*603 

59*145 

59*145 
59*114 | 

I 0*542 gain 
0*031 loss 

23 Friction. 

23 Radiation ... 

! 1264*72 

0 

59*689 

59*943 

1*100— 

1*027- 

58*284 

58*894 

1 58*894 j 

58-938 

; 0*610 gain 

0*044 gain 

1 

2 

3 

4 

5 J 

6 

7 
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Table I. (Continued.) 


No. of experiment 
and cause of change 
of temperature. 

Total fall of 
weights in 
inches. 

Mean 

temperature 
of air. 

Difference be¬ 
tween mean of 
columns 5 and 6 
and column 3. 

Temperature 

Commencement 
of experiment. 

of apparatus. 

Termination of 
experiment. 

Cain or loss of 
heat during 
experiment. 

W 

— 

■ 

m 


58*977 

59*017 

59-017 

59*595 

0*040 gain 

0*578 gain 

25 Radiation ... 
25 Friction. 

0 

1263*49 

59*654 

59*675 

0*06l - 

0*185 + 

59*595 

59*591 

59*591 !0'004 loan 

60*129 jo-538 gain 

26 Radiation ... 
26 Friction. 

0 

1263*49 

59*156 

59*333 

0*609 - 
0*488 — 

58*541 

58*554 

T1 ' ' ‘ ' 1 " ” + M 
58*554 |0*013 gain 

59*137 0*363 gain 

27 Friction. 

27 Radiation ... 

1263*99 

0 

59*536 

59*726 

0*198 - 

0*101 - 

59*054 

59*623 

59*623 *0*569 gain 
39*627 0*004 prill 

28 Friction.1 1263*99 

28 Radiation ...| 0 

59*750 

59*475 

0*155 4 

0*102 4 

59*627 

59*585 

60*183 Jo-556 gain 

59-569 (0*016 loss 

29 Friction.j 1263*31 

29 Radiation .. J 0 

58*695 

58*906 

0*182 — 

0*108 - 

59*230 

58*796 

58*796 0*566 train 

56*801 0*005 gain 

30 Radiation ...j 0 

30 Friction.1 1263*99 

59*770 

60*048 

1*286 - | 58*454 
1*223 - | 58*515 

58*515 ‘0*061 gain 

59*135 0*620 gain 

31 Friction. 1263*49 

31 Radiation ...j 0 

. 

0*022 f 

0*198 4 

59*091 

59*639 

59-639 0*548 gain 

59-627 .0-012 loss 

32 Radiation ...! 0 

32 Friction. 1263*49 

59*374 

59*407 

0*357 - 1 59*015 
0*105 - j 59*020 

59*020 0*005 gain 

59*585 0*565 gain 

33 Radiation ...j 0 

33 Friction.j 1263*49 

59*069 

59*234 

0*201 - 

0*081 - 

58-867 

58*870 

58*870 0*003 gain 

59*436 0*566 gain 

34 Friction. 

34 Radiation ... 

1262*99 

0 

HgH 

0*331 4 

0*287 4 

56*387 

56*932 

_ 


35 Friction. 

35 Radiation ... 

1202*99 

0 

mmm 


56*929 j 67*477 41*348 pant 

57-477 j 57*442 0*035 |<mm 

36 Radiation ... 
36 Friction. 

0 

1262*99 

55*839 

56*114 

0*304 - 

0*281 - 

55*527 

55*543 

55*543 !o* 016 gain 

56*124 ;0*58l gain 

37 Radiation ...; 0 j 56*257 

37 Friction.I 1262*99 ! 56-399 

1 ! 

0*127 

0*024 4 



38 Radiation ...! 0 ! 55*826 

38 Friction.! 1262*99 j 55*951 

0*065 - | 55*759 
0*093 + | 55*764 

•. 

55*764 0*005 gain 
56*325 ’o*56l gam 

39 Radiation ...1 0 j 56*101 j 0*220 -J- j 56*325 

39 Friction.i 1202*99 i 50*182 | 0*409 + [ 50*317 


40 Friction. 

40 Radiation ... 

1202*99 

o 

56*108 | 0*100 -f 

! 56*454 j 0*036 + 

55*929 

56*488 

56*488 i0*559 gain 

56*492 0*004 gain 

Mean Friction... 
Mean Radiation 

} 1260*248 j . j 0*305075— 

o I . ! 0*322950 


. 0*575250 gain 

. j0*012973 gain 


l 


5 


6 
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From the various experiments in the above Table in which the effect of radiation 
Mas observed, it may be readily gathered that the effect of the temperature of the sur¬ 
rounding air upon the apparatus was, for eacli degree of difference between the mean 
temperature of the air and that of the apparatus, 0°*04654. Therefore, since the ex¬ 
cess of the temperature of the atmosphere over that of the apparatus was 0°*32295 in 
tfie mean of the radiation experiments, but only 0°*305075 in the mean of the friction 
experiments, it follows that 0°*000832 must be added to the difference between 0°*57525 
arid 0°()12975, and the result, 0°*563I07, will be the proximate heating effect of the 
ffiction. But to this quantity a small correction must be applied on account of the 
iriean of the temperatures of the apparatus at the commencement and termination of 
ehch friction experiment having been taken for the true mean temperature, which 
Mas not strictly the case, owing to the somewhat less rapid increase of temperature 
towards the termination of the experiment when the water had become warmer. The 
tpean temperature of the apparatus in the friction experiments ought therefore to be 
estimated (r*002I84 higher, which will diminish the heating effect of the atmo¬ 
sphere by 0°*000102. This added to 0°’5631 07 , gives 0°*563209 as the true mean 
increase of temperature due to the friction of water*. 

In order to ascertain the absolute quantity of heat evolved, it was necessary to 
find the capacity for heat of the copper vessel and brass paddle-wheel. That of the 
former was easily deduced from the specific heat of copper accoidingto M. Rbonault. 
'.thus, capacity of 25541 grs.-{~ of copper X 0*09515= capacity of 2430*2 grs. of water. 
A scries of seven very careful experiments with the brass paddle-wheel gave me 
1/83 grs. of water as its capacity, after making all the requisite corrections for the 
Heat occasioned by the contact of the water with the surface of the metal, &c. But 
On account of the magnitude of these corrections, amounting to one-thirtieth of the 
4'hole capacity, 1 prefer to avail myself of M. Reukault s law, viz. that the capa¬ 
city in metallic alloys i* ujual to the sum of the capacities of their constituent metals 
Analysis of a part of the wheel proved it to consist of a very pure brass containing 
^933 grs, of zinc, to I 1968 grs. of copper. Hence 

Cap. 14968 grs. copper X 0*09515= cap. 1424*2 grs. water. 

| < ap. 3933 grs. zinc X 0*09555= cap. 375*8 grs. water. 

| " - 

| Total cap. brass wheel = cap. 1800 grs. water. 

j * This increase of temperature was, it is necessary to observe, a mixed quantity, depending partly upon the 
friction of the water, and parti)’ upon the lrietinn of the vertical axis of the apparatus upon its pivot and bear¬ 
ing. cc, fig. i. The latter source of heat was however only equal to about ^ 0 th of the former. Similarly also, 
ip the experiments on the friction of solids hereafter detailed, the cast-iron discs revolving in mercury, rendered 
ii itopossiblc to avoid a very small degree of friction among the particles of that fluid. But since it was found 
ijlmt the quantity ot heat evolved was the same, for the. same quantity of force expended, in both cases, i. e . whe¬ 
ther a minute quantity of heat arising trom friction of solids was mixed with the heat arising from the friction 
a fluid, or whether, on the other hand, a minute quantity of heat arising from the friction of a fluid was 
jingled with the heat developed by the friction of solids, I thought there could be no impropriety in con¬ 
sidering the heat as if developed fiom a simple source,—in the one case entirely from the friction of a fluid, 
and in the other entirely from the friction of a solid body. 

t The washer, weighing only 38 grs., was reckoned as copper in tills estimate. J Ann. de Ch. 1S41, t. i. 
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The capacity of a brass stopper which was placed in the neck b, fig. 3, for the pur¬ 
pose of prerenting the contact of air with the water as much as possible, was equal 
to that of 10-3 grs. of water: the capacity of the thermometer had not to be esti¬ 
mated, because it was always brought to the expected temperature before immersion. 
The entire capacity of the apparatus was therefore as follows :•— i 

Water.932297 

Copper as water. . . 2430 2 

Brass as water . . . 1810 3 

i --- 

Total . . 97470*2 

So that the total quantity of heat evolved was 0°563209 in 9“4 70’2 grs. of water, or, 
in other words, 1 ° Fahr. in 7*$42299 lbs. of water. 

■ The estimate of tbe force applied in generating this heat may be made as follows: 
—-The weights amounted to 406152 grs., from which must be subtracted tbe friction 
arising from the pulleys ami the rigidity of the string; which was found by con¬ 
necting tbe two pulleys with twine passing round a roller of equal diameter to that 
employed in the experiments. Under these circumstances, the weight required to be 
added to one of tbe leaden weights in order to maintain them in equable motion was 
fonnd to be 2955 grs. The same result, in the opposite direction, was obtained by 
adding 3055 grs. to the other leaden weight.. Deducting 168 grs., the friction of tbe 
roller on its pivots, from 3005, the mean of the above numbers, we have 2837 grs. 
as the amount of friction in the experiments, which, subtracted from the leaden 
weights, leaves 403315 grs. as the actual pressure applied. 

The velocity with which the leaden weights came to the ground, viz. 2*42 inches 
per second, is eqnivalent to an altitude of 0*0076 inch. This, multiplied by 20, the 
nnmber of times the weights were wound np in each experiment, produces 0*152 inch, 
which, subtracted from 1260*248, leaves 1260*096 as the corrected mean height from 
which the weights fell. 

This fall, accompanied by the above-mentioned pressure, represents a force equiva¬ 
lent to 6050*186lbs. through one foot; and 0*8464x20=16*928 foot-lbs. added to 
it, for the force developed by the elasticity of the string after the weights bad touched 
the ground, gives 6067*114 foot-pounds as the mean corrected force. 

Hence 773*64 foot-pounds, will be the force which, according to the 

above experiments on the friction of water, is equivalent to 1 °Fahr. in a lb. of water, 

2nd Series of Experiments .—Friction of Mercury. Weight of the leaden weights 
and string, 203026 grs. and 203073 grs. Velocity of the weights in descending, 2*43 
inches per second. Time occupied by each experiment, 30 minutes. Thermometer 
fojF ascertaining the temperature of the mercury, C. Thermometer for registering 
tt*e temperature of the air, B. Weight of cast iron apparatus, 68446 grs. Weight 
of mercury contained by it, 428292 grs. 




HS- ,^OVA.E, , Of HEAT* 

, :■ , , ■ i. I . ' TAAM5.4If< • ' ; .... ■ ' ’ • 



total fall of 

Mean 

Difference be¬ 
tween mean of 
columns & and 6 
mod column X 

temperature of apparatus. 

weights in < 
inches. 

! * 

temperature 
of air. 

Commencement 
of experiment, j 

Termination of 
expmmeat. 

1365*42 

0 

58*491 

58*939 

1*452 + 
2*056 4- 

48*78 

61-10 

1 

61-107 

60-884 


2 Radiation 
2 Friction..* 


3 Friction... 
3 Radiation 



8 Radiation 
8 Friction... 


9 Friction... 
9 Radiation 


10 Friction... 
10 Radiation 



14 Friction... 
14 Radiation 


15 Radiatiou 
15 Friction... 


16 Radiation 
16 Friction... 



1265*73 

0 


0 

1264*72 


1265*78 

0 


0 

1265*65 


1269-55 

0 


0 

1257-70 


1255*33 

0 


0 

1266*47 


0 

1265*80 


1264-70 

0 


1265*26 

0 


0 

1265-63 


0 

1265*45 


1357*50 

0 


1357*50 

0 


0 

1267*50 


1263*731 

0 


1*203 + 
1*678 + 


©•010 — 
0*624 


0*907 4- 
1*474 + 


0*174 + 
0*749 + 


0*049 4- 
0*831 + 


0-612 — 
0-209 -f 


1-044 + 
1*576 + 


0-764 + 
1*313 + 


0*109 4- 
0*746 + 


0*247 4- 
0*673 + 


1*808 -f 
2*213 + 


1*273 4* 
3*972 4- 


0*254 + 
1*047 + 


1*453 + 
2*164 4* 


0*450 — 
0*462 4- 


1*273 4 * 
1*780 + 


0*88364- 

0*82794- 


Gun or loss of 

heat during 

experiment. 

2*327 

gain 

0*223 

loss 

0*069 

gain 

2*456 

gain 

2*400 

gain 

0*210 

loss 
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n 


h Ero« theuboyeiTaWejjj; appeals that the effect »fi«aeh4egoe;.«f 
tbs t«njper*tuw «f -the laboratory and nhst of the apparatus was ; 0°-14l742i i-JHanae 
2°*41 3a&TfTO?fQ657nfi0 o fi0Z654 s=8 o -487304j, will ba thepwwipiate value ofttbetiqareiwfe 
qf temperature is experiments. The further corruption i on aceountipftiheittfean 
temperature of the. apparatus in the friction experiments, having been; rirt,nraMty 
0°-©28484 higher than .is indicated by the table, wlH be 0^003914, wh*cb,addediUj 
ibe-pro&imtite remit, give&2 0- 4913l8 as the true tbermoeietrical effeei pf, the,freetiep 
of the mercury. . , > to rsi»« i 

In order to obtain the absolute quantity of heat evolved, it was requisite to ascer¬ 
tain the capacity for heat of the appaytfu#. {(therefore caused it to be suspended by 
iron wire fro m a lever so contri ved t hat the apparatus could be moved with rap idity 


then 


and ease to anjy required position. The temperature of the apparatus having 
bee i raised about 20°, it was placed in a warm air-bath, in order to keep its te rape- 
rat ire uniform f<Mr a quarter of an hour, during which time the thermometer C, im- 
me 'sed tirthe mercury, was from time to time observed. The apparatus was 
rap dly immersed into a thin copper vessel containing 141826 grs. of distilled water, 
the temperature of which was repeatedly observed by thermometer A. Durin ; the 
exp eriment the water was repeatedly agitated by n copper stirrer ? and every pr eau- 
tioi i was taken to keep the surrounding atmosphere In a uniform state, and al 10 to 
pre rent the disturbing effects Of radiation from the person of the experimenter, 
thii way I obtained the following results:— 


Time of 
observation. 


Apparatus in air-bath 
Instant of immersion. 


f 6 

...-lb 

llO 


Apparatus immersed in water 


II 

13$ 

16 

21 

26 

31 

.36 


Temperature 
of water 

Temperature 
of apparatus 

477Q5 

70-518 

47705 

70490 

47713 

, 70-518 

49836 

57673 

50-493 

52-641 

50694 

‘ 50-947 

50-690- 

' 50776 

50-067 

50744 

50636 

1 5d70il 

1 1 (1* 



In 


jlW °f !*? e w ^ terlhe can Bering 60 square inchpp of,co£per ( at «jhp ( Ipm- 


WKm W remove me.apjwatus from t^e ^ri^^r-p^ 

?! wa ^t occupied Wly ]<?, dupjtfj.it, 

to preliminary experiments) have cooled 0°027. The heating effect of tty| jjjgjgjg^ 


l * > IfiM 



urn <fowic -on* tmvMBtMmxtkht bqoh*akent o* beast. 


n 


daring tbe remain mg 60" (estl mated fra kt tbe rate of increase of temperatwre between 
tbe Observations at 5> and JO 1 ) will be <0°-004. These corrections, applied to 76^510, 
toare70°-4B6a8 the temperature of the apparatus at tbe moment of immersion. 

*Fbeitfeifcp9ratura>o£i the 1 apparatus at SHf wdi 50 <t 778> indicating a loss of |0°*717< 
That of 'the water at the same time ot observation, bring corrected for tbe effort of 
the atmosphere (deduced from the observations of the cooling from 26' to 86' and of 
the hearing from 'O' to 10 f >, wilt be 60°777, indicating e gain of 3*4)68. Twenty,such 
results, obtained in exactly the same manner, are collected in the following Table. 

i *. i 11 t J 

" " 1 Tabuh III. 1 


„ 1 

f Six 

> 

|B| 1 

i » ■ 

G*iaofhe»t 

of »ppar*tua. 

Low-of bent Jjy 
tbe apjiiwhtt. 

EgjjlB 

isss 

by the w*ter. 

’ . ! il ' 

teCLXt 1 

or experiment. 

T^mtntUoa, 

OT CXpcniuCult 1 

mm 

.. t 

* 1-714 

■ "i.i 

ao 4 777 

■ ■ i - - ' ■ - 11 ■ - 

3 - 06 * 

- 1 1 ■ • " i 

70*95 

50*778 

19*717 

KB 

48 * 12 ? 

51 * 1)3 

S -986 

70*518 

51*147 

19*371 

HI 

* 8-453 

51*430 

2*977 

70 - 64 * 

51*452 

19*190 

wM 

47 - 54 * 

[ 50*598 

3*055 

70 - 67 * 

50-684 

19*990 

5 

44*981 

48*449 

3-468 

70*901 

48-468 

22*433 

6 

45*889 

48*701 


70-769 

18-657 

22*112 

7 

45*087 

48*497 



48*494 

* 3-010 

8 

* 6-375 

49*614 


70-678 

49*662 

31-016 

9 

47-671 

50*832 

3-161 

71*500 

50*873 

30-637 

m 

47-693 

50-801 - 

3*108 

70-878 

50*821 

30-057 

H > ' 

48*728 

51-714 ' 

3-986 

70*947 

51*714 

19*883 

m 

47*240 

50*414 * 

3-174 

71*006 

50*392 

30 - 614 - 

13 

48*324 

51*345 

3*021 

70*939 

51*862 

19-877 

u » 

49*079 

51*905 * 

2*826 

70*332 

51*937 

18-395 

M( 

49*685 

52*490 

2*855 

7101 * 

52*504 

18-508 

«i 

r 47*207 

50*282 

3*075 

70*65 

50*263 

80*003 

Vh 

46*227 

49*402 

3*175 

69-877 

49*314 

20-563 

W 

46*053 

49*296 

3*243 

70-367 

49*258 

31-109 

J» , 

45*733 

48*{)81 

3*248 

70 068 


31-067 

80 

47*170 

50*317 

3-147 

70-741 

50*332 

30-409 

[6238 

■Hi 

N9BH 

3-13145 
i... 


mu 

30-300 


1 1 did not consider these experiments on the capacity of the apparatus sufficiently 
complete’,' until I had ascertained the heat produced by the writing of the surface of 
the irb'h’ vessel.' For (bis purpose the following' trials were made in a similar manner 
tb the' above, With the exception that the observations did not require to be extended 
beyond 3ffi 
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ilWLHS A39NT THE MEeHA!WCii& HE ATI 


»•>*** f m - * - t'» t» * i \ TabsM IVU> 1 * t * »'» ».1 * * a I 


Ho. 

Corrected temperature 

i * flfettev i 

! Gain or toss 
** by wait*. 

Corrected temperature 

> * < 

boat tan 

ippritui, 

L ( 

C<famieucttotrtrnt! 

t’enbinstfem 

i (ft, * 

bomtaeneftmeftt 
»nfjKpe ihmh&< 1 

‘termination 
of experwst- 

1 

50-558 

50*556 

0*002 loss 

*» ‘ 

50*565 

50*589 

5-0*4 

0 

; * 

49*228 

49*2.32 

0*004 gain 

49*239 

49*254 

0*015 

gain 

a 

49*095 

48-106 

0*011 gain 

48*034 

48*099 

0-065 

gain 

4 

47*416 

47*425 

0*009 gain 

47*384 

47-489 

0*045 

gain 

5 

47*484 

47*532 

0*048 gain 

48*103 

47-783 

0*321 

loss 

£ 

47*409 

47*439 

0-010 gain 

47*703 

47*610 

0-095 

Um 

7 

47-634 

47-637 

0*013 gain 

47-870 

47*790 

0*080 

loss 

s 

47*705 

47-713 

0*087 gain 

47*915 

47-859 

0-056 

loss 

9 

47-685 

47*7S« 

0*017 gain 

47-891 

47-837 

0*054 

loss 

10 

48*753 

48-793 

0*060 gain 

49*498 

49-113 

0*386 

loss 

11 

49-689 

49-694 

0*005 gain 

49-946 

49*842 

0*104 

loss 

ie 

48-191 

48-168 

0*023 low 

47-97* 

48*134 

0*162 

gain 

13 

48-101 

48-119 

0*018 gain 

48-310 

48*254 

0*056 

loss 

14 

49-413 

49-390 

0*023 loss 

49-349 

49*413 

0*164 

gain 

15 

49-345 

49-341 

0*002 loss 

49-343 

49*318 

0*025 

loss 

IG 

1 49-105 

49-105 

1 0 

49-173 

49*172 

0 


17 

1 46-991 

46-903 

0*089 loss 

4C-304 

46*923 

0-719 

gam 

f 13 

46-801 

46-814 

0*013 gain 

47-139 

46*958 

0*186 

loss 

19 

46-634 

46-634 

0 

46-65* 

46*652 | 

0 


m 

' 46-366 

46-158 

0*108 loss 

45-369 

46*167 ! 

0*798 

gain 

Mean,., 



0*0016 loss 


1 

1 

' 0*03155 train 1 



' 




1 _ 



By adding these results to those of the former table, we have a gain of temperature 
in the water of 3°*1#305, and a loss in the apparatus of 20^33155. Now the capacity 
of the can of water was estimated as follows:— 

Water.141826 grs. 

15622 grs. copper as water . . 1486 grs. 

» Thermometer and stirrer as water 118 grs. 

Total ...» 143430 grs. 

lienee 143430—22102*27, the capacity of the apparatus as tried. The 

Addition of 21*41 (the capacity of 643 grs. of mercury which had been removed in 
4rder to admit of the expansion of 70°) to, and the substruction of 52 grs. (thd 
Rapacity of the bulb of thermometer C, and of the iron wire employed in suspending 
the apparatus) from this result, leaves 220/1*68 grs. of water as the capacity of the| 
apparatus employed in the friction of mercury. s 

> The temperature 2°*491218 in the above capacity, equivalent to 1° in 7*86505 lbsj 
4f water, was therefore the absolute mean quantity of heat evolved by the fr ict ion o$ 
tyercury. j 
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The leaden weights amounted to 40 M9» gral, from which 2857 grs., subtracted for 
Wetio^-of thc pu ll eys , lea ve s 4093*2 grsr -The inewnr-iidj^ 
q$ jpvea in Table , was 1 262*73 1 Inches, from which O'152 inch, subtracter for 

velocity of .fall, leaves 1262*570 inches. This height, combined with the al rove 
weight, is equivalent* to 606! *01 foot-lbs., which, increased by 16*029 foot-lbs on 
account of the elasticity of the string, gives 6077*939 foot-lbs; as the mean force em¬ 
ployed In the experiments. : j 

=?77^*762; which is therefore the equivalent derived from the;above expe¬ 
riments on the friction of mercury. The next series of experiments were made idth 
the pfrie apparatus, using lighter weights. j 

Sfd Series of Experiment*. —Friction of Mercury. Weight of the leaden weights 
andlstring, 68442 grs. and 68884 grs. Velocity of the weights in descending, 1*4 Inch 
per second. Time occupied by each experiment, 35 minutes. Thermometer j for 
ascertaining the temperature of the mercury, C. Thermometer for registering! the 
temperature of the air, B. 

; Table V. 


\ 


t 

N<* of experiment 

and^rause of change 

u)| temperature. 

. 1 . 

Total fall of 
weights in 
inches. 

Mean 

temperature 
of air. 

Difference be¬ 
tween mean of 
columns 5 and 6 
and column 3. 

Temperature of apparatus. 

i 

Gain or lo* of 
heat duripg 
experiment. 

Commencement 

of experiment. 

Termination of 
experiment. 

f 

1 friction.,. 

1202-12 

0 

49- 539 

50- 165 

CK199-4- 
0-226 + 

49*607 

50-370 

5O-®70 

50*413 

0-863 gfcin 
0-043 g^in 

1 Radiation . 

2 friction.... 

1282-00 

0 

49- 865 

50- 363 

0*189+ 

0-1594* 

49- 606 

50- 503 

50*503 

50*542 

+897 giin 
+089 gim 

2 fadiation . 

3 friction. 

3 Radiation . 

1293-18 

0 

60-139 

50-617 

0*460 + 
0-408 + 

50-168 

51*030 

51*030 

51*021 

0+62 gkin 
0-009 Um 

4 Radiation. 

4 Friction.. 

0 

1293*25 

50-750 

51*401 

0-1464 
0*013 — 

_ . -. -J 

50-878 

50-920 

50*920 

51-856 

MIJ gain ’■ 
0-936 gain ( 


5 Radiation. 

5 Friction. 

0 

1294-92 

49*936 

50-551 

0-1214 
0*020 — 

50-031 

50-083 

50*083 

50-980 

0-052 gain , 
0-897 gain 


6 Radiation. 

6 Friction.. 

0 

1294-43 

50- 638 

51- 172 

0*135 + 
0*063 4 

50-752 

50-79& 

S0-795 

61-680 

0*043 gain 
0*885 gain 


7 Radiation. 

7 Friction. 

0 

1294-07 

51-553 

52*194 

0-260— 
0-371 — 

H9I 

51-349 1 

52*298 

0*112 gain 
0*949 gain 


8 Friction 

1293*30 

o 

52-774 

53*029 

0*019 — 
.0*904+ 

52- 298 

53- 212 

53-212 

63-255 

0*914 gain 
0-043 gain 1 

& Radiation. 

Friction........; 

1294-05 

0 

51-518 

5**003 

0-306 + 
0*177 4- * 

51-379 

52*250 

52-259 

52*281 

0*880 gain 
0*022 gain 

$ Radiation. 

- i 

10 Friction......... 

10 Radiation. 

1298-95 

0 

6W97 

51-960 

< 

0-079- 

50-907 

01-847 

51-847 ! 

51-916 

0*940 gain 
O-069 gain 

11 Friction*. 

II Radiation . 

. 1*9*00 

, 9 j 

1 -I j i ■. i.., ^. 3 

m 

BS9 

0*658+ 
0*677 + 

50*804 
, 451-654 

61*666 

51*611 

1+850 gain 
+043 low 

1 

2 

3 

4 

5 

6 

t ; ! 


h2 
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irttamti 

t«tFri«tiaa;..v„(u 


IS Radiation. 0 


f« VMeMob.. 
Kadiatioo .. 

1293*43 

0 

( 15 Radiation ...... 

1293*9$ i 
0 ! 




0*246 

0*3^ 

v . yr 

WJW 

i -K 

oos$ 

t; i 

*0*088 

Hh * v 

0143 

4- 

0*818 

v i+' ; 

0*242 

+ 

0055 


0-264 

*T* 



0*646 

— 

0*098 


0*374 

+ 

0*239 

+ 

0*498 

_ 

0*546 

— 

0*286 

+ 

0092 

+ 

0-406 

__ 

0-464 

— 

0*105 

+ 

0*259 

+ 

0*277 

+ 

0*142 

+ 

0*145 

+ j 

0*093 

— 

0*092 

+ 

0*053 

— 

0*422 

0*246 

— 

0-007434 + 

; 0*0048 

+ 
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The effect of each degree of diffief^oer between ^ejtemperatare of the laboratory 
a rofr - t faat of the appai& e w b e i n g OM e »44j 0°«Q 1 & 7 — Q°-fl6Q6 4‘ l i 0 '(W4m^Q 0 : 3&b&&%. 
\ nQ fee thtproximate mean Increase of tdnperatutwdn the above series of expert-! 
x ledtS. The 6pfH6Wdbi, djrtttg to the mead temperature of the mercury ib the friction * 
experiments being" 0°t>l8222 higher than app e ars in the tab le, will be Q°*QQ2452»j 
1 hteh, being added 1 to the proximate result, gives 0??$5$04 as the true thermomctricalj 
effect, Hits, in the capacity of 22071*68 grs. of wafer, is equal to 1° in 2*76548 Ibs.{ 
<fWEteh M ■ ' j 

Hie leaden weights amounted to 1373^6 grs., fr6tn which 1040 grs. must be sub-j 
1 ratted for the friction of the pulleys, leaving 136286 gr$. as the corrected weightJ 
r ?he mean height of fall was 1293*532 inches, from which 0*047 inch, subtracted on. 
account pf the velocity with which the weights came to the ground, leaves 1293*485; 
inches. This fall, combined with the -above corrected weight, is equivalent toj 
! !G9$'6L& foot-lbs., which. With 1*654 foot-lb., the force developed by the dasticityj 
ff the string, gives 2180*272 foot lbs. as the mean force employed in the experiments.; 

^776^03, will therefore be the equivalent from the above series of ex-} 

)eriroents, in which the amount of friction of the ihercury was moderated by the use| 

< >f lighter weights. r 

4/4 Series of Ejrperiments. — F riction of Cast Iron. Weight 6f cast iron apparatus^ 
14Q00 grs. Weight of merenrv contained by it, 204355 grs. Weight of the leaden; 
weights and string attached, 203026 grs. and 203073 grs. Average velocity with 
which the weights fell, 3*12 inches per second. Time occupied by each experiment| 
18 minutes. Thermometer foi ascertaining the temperature of the mercury, 
Thermometer for registering the temperature of the air, A. | 


4 
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Tarlk YIj 


No,* of experiment 

Total fhll of 

Mean 

Difference be¬ 
tween mean of 

Temperature of apparatus. 

. . r"" 

Gain or to^ of 

and tause of change 
offtcmpcrslure. 

weights in 
inches. 

temperature 
of air. 

columns 5 and G 
and ctilnmu 3. 

Commencement 
of experiment. 

Termination of 
experiment. 

heat during 
cxperimeitt. ( 

—i- 

1 Friction. 

1257*90 

46-362 

5*544 + 

46 - 6.37 

50-976 

4-139 

gliin 

1 Radiation. 

0 

46-648 

3*950 -f 

50-976 

50*220 

0-756 

lags 

2 Radiation. 

0 

47-296 

0-455 - 

46*730 

46-953 

0*2*3 

gtfin 

2 Junction. 

1258-97 

47*891 

1-247 + 

46-953 

51-323 

.. . 

4-370 

trt»» 

3 Friction. 

1261-80 

mwM 

1*830 + 

47*332 

51*718 

4-366 

g»iu ; 

3 Radiation . 

0 

■ 

2-950 4- 

51*718 

51-276 

0*442 

logs 

4 Radiation . 

0 

47*825 

0*044 - 

47-7.-.G 

47*807 

0*051 

pain 

4 Friction. 

1360-35 

48-385 

1*598 4* 

47*807 

52-160 

4-353 

gain 

5 Radiation . 

0 

48-323 

0-248 - 

48-009 

48-142 

0-133 


5 Friction. 

1260-15 

48-833 

1*494 4- 

48*142 

52*513 

4-371 

pain 

6 Friction. 

1259-95 

48-049 

1-995 + 

47-902 

5 Mh6 

4*284 

pam 

6 Radiation.. 

0 

i 

48-632 

3-283 4- 

52-166 

i 

51-645 

0-541 

logs* 

7 Radiation. 

0 

50-385 

0 240 - 

50-053 

50-237 j 

0-1S4 

pain 

7 Friction. 

1263-13 

51-018 

1-408 4* ! 

50*237 

l 

54-616 

4*379 

train 

8 Friction. 

1262-13 

48-385 

1-096 + 

47-M9 

51*714 

4-465 

pam 

8 Radiation. 

0 

49-199 

2-343 + 

51-714 

51-371 

0-343 

low 

9 Friction. 

1257*20 

49-721 

2-495 4 - 

50-160 


4*113 

pain 

9 Radiation. 

0 

50-338 

S-643 4- 

54*273 

■KiiH 

0*584 

Was 

10 Radiation . 

0 

f 

0*821 + 

49-e7i 

49*250 

I 0-021 

lOHJt 

10 Friction. 

1258*70 

■ 

2 - 2 S 2 4 - 

49-877 

54-067 

j 4*190 

pain 

Mean Friction ... 
Mean Radiation... 

1260-027 

0 

1 


1-7989 f 
1-60034- 


. 

! . 

4*303 pain 
0*2096 1 oi*r 

1 

O 

3 

4 

i 

5 

6 

7 

_J 


From the above Table, it appears that there was a therinometrieal effect of 0 *20101 
for each degree of difference between the temperature of the laboratory and that of 
the apparatus. Hence 4°*303+0 0, 2090+^°^’03992 = 4°*5f>2.i 4 J, will be the proximate 
mean increase of temperature. The correction, owing to the mean temperature 
of the mercury in the friction experiments appearing 0°0JT>2r> too low in the table, 
will be 0°0i:>33, which, added to the proximate result, gives 1°*56785 as the true 
mean increase of temperature. 

The capacity of the apparatus was obtained by experiments made in precisely the 
same manner that I have already described in the case of the mercurial apparatus 
for fluid friction. Their results are collected into the following Table. 
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Table VII. 


Ko. 

Corrected temperature 
of water. 

Gain of beat bp 
the water. 

Corrected temperature 
of apparatus. 

Lota of beat bp 
the apparatus 

Commencement 
of experiment. 

Termination 
of experiment. 

Commencement 
of experiment. 

Termination 
of experiment 

1 

45-535 

47*306 

i*770 

71*112 

47*421 

23*691 

a 

4 G-210 

47-937 

1-727 

71-292 

48*073 

23*219 

3 

47*334 

49*023 

1*689 

71-454 

49*151 

22*303 

4 

49*007 

60*555 

1*548 

7M52 

50*633 

20*520 

5 

47-893 

49*498 

1*603 

71*249 

49*636 

21*613 

6 

48*784 

50*357 

1*573 

71*445 

50*460 

20*985 

7 

50-323 

51*757 

1*434 

70*793 

51*808 

18-985 

8 

47*912 

49*325 

1*613 

71*253 

49-653 

21*600 

8 

48*449 

50*013 

1*5C4 

70*79* 

50*083 

20*715 

10 

49*830 

51*337 

1*501 

71*356 

51*375 

19-981 

11 

46-870 

4 8*559 

1*689 

71-026 

4b-657 

22-369 

12 

48*562 

50*151 

1*589 

71*291 

50*199 

21*092 


. 1 . 

1*60833 



21*42275 

1 




By adding if *000/1 and 0°*0141, the loss and gaiu of Table IV. reduced to the 
surface of the solid-friction apparatus, to the above mean results, we have a gain of 
I c *60904 by the water and a loss of 21°*43G85 by the apparatus. The capacity of the 
can of water was in this instance as follows:— 


Water. 155824 g rs. 

Copper can as water. I486 grs. 


Thermometer and stirrer as ditto 1J8 grs. 

Total . . . 15/428 grs. 

Hence X 15/428= 11816*47, will be the capacity of the apparatus as tried. 

By applying the two corrections, one additive on account of the absence during the 
trials of 300 grs. of mercury, the other subtractive on account of the capacity of the 
thermometer C and suspending wire, we obtain 11706 07 grs. of water as the capacity 
of the apparatus during the experiments. 

The temperature 4°*50785 in the above capacity, equivalent to 1° in 7*69/53 lbs. 
of water, was therefore the mean absolute quantity of heat evolved by the friction of 
cast iron. 

The leaden weights amounted to 406099 grs., from which 2857 grs., subtracted on 
account of the friction of the pulleys, leaves 403242 grs. as the pressure applied to 
the apparatus. 

Owing to the friction being in the simple ratio of the velocity, it required a good 
deal of practice to hold the regulating lever so as to cause the weights to descend to 
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the ground with anything like a uniform and moderate velocity. Hence, although 
|he mean velocity was 3*12 laches per second, the force with w hich'tire weight; 
Struck the ground could not be correctly estimated by that velocity as ip ttye daSi£ o ‘ 
luid friction. However, it was found that the noise produced by the impact waS or 
jhe average equal to that produced by letting the weights fall from the height 6!' 
i>ne-eighth of an Inch. It generally happened also that in endeavouring to regulate 
the motion, the weights would stop suddenly before arriving at the ground. I’hu 
would federally happen once, sometimes twice, during the descent of the ’weights, 
pad 1 estimate the force thereby lost as equal to that lost by impact with the ground, 
^alritig therefore the total loss at one-fourth of an inch in each fall, we have tfc^hty 
times that quantity, or 5 inches, as the entire loss, which, subtracted from 1260*027] 
leave 1255 027 inches as the corrected height through which the weight of 4p#242j 
grs. operated. These numbers are equivalent to 6024757 foot-lbs., and adding 16*46^ 
foot-lbs. for the effect of the elasticity of the string, we have 6041*221 foot-lbs. as tho 
force employed in the experiments. ; 

The above force was not however entirely employed in generating heat in tho 
apparatus. It will be readily conceived that the friction of a solid body like cast 
iron must have produced a considerable vibration of the framework upon which thej 
apparatus was placed, as well as a loud sound. The value of the force absorbed by 
the former was estimated by experiment at 10*266 foot-lbs. The force required to 
vibrate the string of a violoncello, so as to produce a sound which could be heard at 
the same distance as that arising from the friction, was estimated by me, with the 
concurrence of another observer, at 50 foot-lbs. These numbers, subtracted from 
the previous result, leave 5980*955 foot-lbs. as the force actually converted into beat. ; 


7*69753 ~""6*997, will therefore be the equivalent derived from the above experi¬ 
ments on the friction of cast iron. The next series of experiments was made with: 
the same apparatus, using lighter weights. ( 

bth Series of Experiments. —Friction of Cast Iron. Weight of leaden weights, 
68442 grs. and 68884 grs. Average velocity of fall, 1*9 inch per second. Time 
occupied by each experiment, 30 minutes. Thermometer for ascertaining the 
temperature of the mercury, C. Thermometer for registering the temperature of the 
laboratory, A. ' 
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8 * 


x l 


-■> i ? 


T/ms YMI* 



Tftymvt u 

freight* ui 

M , **#»»•• . * 

tenqxralure ‘ 


Temperature of apparatus. 

Gain pr lots of 

uW uunu| 

experiment. 

jjSBS 

Termination of 
ekperfment. 

iFriction......— 

1 ^Radiation . 

0 

47-404 

48*003 

0-850 + 
0-998 + 

' . -41-494 , 
49*018 

49*010, 

48*984 

1*524 gain 
0*034 loss 

8 Itad^tiou 

2 Friction.. 

0 

1280-74 

48-260 
' 48-516 

0-702 + 
1-169 + 

48-984 

48-958 

48*958 

50*452 

0*026 loa* ■ 
1*494 gain 

3 Radiation...... 

3'Friction.'. 

0 

1285*10 

49-Q03 

49-728 

0-133 - 
"0*022 + 

48-312 

48*928 

48-928 

50-572 

0*116 gain 1 
1*644 gain 

4 Friction. 

4 Radiation. 

1283*89 

0 

50-138 

56-408 

1-172 + 
1-581 + 

* | 

52*049 

51*999 

1-477 eaiq 

0-120 16ss 

5 Friction.. 

6 Friction.. 

1282*45 

46- 798 

47- 296 

0-558 + 
1-571 4- 

46-554 

48-159 

48- 159 

49- 576 

1*605 gain 
1*417 gain 

5 Radiation. 

6 Radiation. j 

0 

0 

47-535 

47-651 

1-929 + 
1-607 + 

49-576 

49-353 

49*353 

49-164 

0*223 loss 
(F189 los* 

7 Radiation__ 

S Radiation ...... 

0 

0 j 

46-261 

46-748 

0-298 — 
04J17 - 

45-880 

46*047 

46-047 

46-215 

0*167 gain 
0*168 gain 

7 Friction.... 1 

8 IrieUqu......... 

1270-07 
1276-17 

46- 610 

47- 366 

0*978 + 
1-883 + 

47- 022 

48- 554 

48- 554 t 1-582 gain 

49- 946 j 1-391 gain 

9 Radiation. 

9 Friction.* 

0 

1276-95 

46- 771 

47- 126 

0-271 — 
0*258 + 

46-425 

46-575 

46-575 I 0-150 gain 
48-194 j 1-619 gain 

18 Friction..! 

10 Radiation . 

1276-84 

0 

47*2*38 

47*335 

1-656 + 
2142 + 

48*194 

49*593 

49-593 j 1-399 gain 
49-361 j 0-233 loss 

Mean Friction ... 
Moan Radiation... 

1279*957 

0 


1-0138 + 
0-764 + 



1*5102 gain 
6*0223 lorn 

* l 

t 

3 

i 4 

5 6 

7 


From the above Table, it appear^ that the effect of each degree of difference between 
the ^emperature of the laboratory and that of the apparatus was 0°* 1591. Hence 
l d *51024~6 d *0223+0°;03974 = l d *5/2?24, will be the proximate heating effect. To this 
the addition of 0°*00331, on account of the mean temperature of the apparatus in the 
friction experiments having been in reality 0°*02084 higher than appears in the Table, 
gives the real increase of temperature in the experiments at 1°*57555, which, in the 
capacity of 11796*07 grs. of water, is equivalent to 1° in 2*65504 lbs. of water. 

The leaden weights amounted to 137326 grs., from which 1040 grs., subtracted 
for the friction of the pulleys, leaves 136286 grs. The velocity of descent, which 
was in this case much more easily regulated than when the heavier weights were 
used, was 1*9 inch per second. Twenty impacts with this velocity indicate a loss 
of fall of 0*094 inch, which, subtracted from 1279*957, leaves 12/9*863 inches as the 
corrected height from which the weights fell. 

The above height and weight are equivalent to 2076*517 foot-lbs., to which the addi¬ 
tion of 1*189 foot-lb. for the elasticity of the string, gives 2077706 foot-lbs. as the 
MDCCCL. M 
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total force applied. The corrections for vibration and sound (deduced from the data 
obtained in the last series, on the hypothesis that they were proportional to the fric¬ 
tion by which they were produced) will be 3*47 and 16*9 foot-lbs. These quantities, 
subtracted from the previous result, leave 2057*336 foot-lbs. as the quantity of force 
converted into heat in the apparatus. 

2057*336 

2*65504 —T*' 4 *88, will therefore be the equivalent as derived from this last scries 
of experiments. 

The following-Table contains a summary of the equivalents derived from the expe¬ 
riments above detailed. In its fourth column I have supplied the results with the 
correction necessary to reduce them to a vacuum. 

Table IX. 



It is highly probable that the equivalent from cast iron was somewhat increased 
by the abrasion of particles of the metal during friction, which could not occur 
without the absorption of a certain quantity of force iri overcoming the attraction of 
cohesion. But since the quantity abraded was not considerable enough to be weighed 
after the experiments were completed, the error from this source cannot be of much 
moment. I consider that 772*692, the equivalent derived from the friction of water, 
is the most correct, both on account of the number of experiments tried, and the 
great capacity of the apparatus for heat. And since, even in the friction of fluids, it 
was impossible entirely to avoid vibration and the production of a slight sound, it is 
probable that the above number is slightly in excess. I will therefore conclude by 
considering it as demonstrated by the experiments contained in this paper,— 

1st. That the quantity of heat produced try the friction of bodies , whether solid or 
liquid , is always proportional to the quantity of force expended. And, 

2nd. That the quantity of heat capable of increasing the tempet'ature of a pound of 
water {weighed in vacuo, and taken at between 55° and 60°) by 1° Fahr., requires 
for its evolution the expenditure of a mechanical force represented by the fall of 772 lbs. 
through the space of one foot. 

Oak Field , near Manchester , 

June 4 th, 1849. 
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IV. On the Automatic Registration of Magnetometers , and Meteorological Instru¬ 
ments, by Photography .— No. Ill\ By Charles Brooke, M.B ., F.ILS. 

Received June 21,—Read June 21, 1849. 


On the Construction of the Self registering Thermometer Apparatus. 

In my second paper on Automatic Registration*, the means of obtaining a photo¬ 
graphic register of the variations of the thermometer were briefly mentioned, and in 
the annexed plate a specimen was given of the register thus obtained; but as an ap¬ 
paratus possessing the requisites for practical application had not then been con¬ 
structed, it may not be undesirable to those who are interested in the advancement 
of meteorological science, to know the means by which this object has been accom¬ 
plished. A vertical revolving cylinder, and the carrying time-piece described in the 
above paper (see Plate VI. figs. 4, 5, 6, 7, 8), are mounted on a stand measuring 3(* 
inches by 12, supported by four legs ; the sterns of the thermometer and psychrometer 
pass up through the table, and between the lenses and the adjacent surfaces of the 
cylinder; and the long cylindrical bulbs are sufficiently below the stand to be freely 
influenced by the currents of air, and at the same time to remain wholly unaffected 
by the heat of the lamps which are placed on wooden supports at each end of the 
stand, at such a height that the flame may be opposite the middle of the photographic 
paper on the cylinder. 

As it is impossible to superpose two registers of these instruments on the same 
paper, which may be done without inconvenieuce when the indication consists in a 
dark line, as in the photographs of the barometer and the magnetometers, the time¬ 
piece is so constructed that the hour-hand makes half a revolution in twenty-four 
hours. By this arrangement the two halves of the paper surrounding the cylinder 
give respectively a perfect diary of the two instruments. The glass cylinder is covered 
by a concentric cylindrical zinc case, having slits on opposite sides corresponding 
to the steins of the instruments, which are capable of being closed by sliding doors; 
by these means the cylinder, protected by its case, may be carried to or from the 
room in which the photographic manipulations are conducted, without any risk of 
exposure to light. The whole apparatus is also covered by a wind- and water-tight 
zinc case which rests on the stand, and is divided into separate compartments for 
the lamps by a partition towards each end, for the purpose of more completely 
isolating the thermometers from the heat produced by their combustion. 

The cylindrical arrangement above described, so obviously desirable in enabling 
* See Philosophical Transactions, 1847, Part I. 
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the tw*o therinOmetrfc ihStrtiimbritfe WbCTegistwedby one apparatus ' hndobori e ! piece 
of phper. Was atftrkt opih to' U grave objection; which has boWeier stfbkeqnetatiy’ been 
entirely removed. T%e pehcilof rays incident on’ tbfe stem of thethermbrnfetermust 
necessarily be a feh-sfiapfe^petUil, by theoblique i-nys of Which the points ’ corre¬ 
sponding - to each de^i-C^ WbOld not be transferred to the respectively opposite points 
tSf the paper. If thbWrfhiC^ of’the Cylinder were always parallel to, and equidistant 
from, the stem Oftbiiherinbmeter, this distortion of the scale would be constant and 
uniform', and therefore readily estimated; bnt from the unavoidable im perfection's In 
form and variations in size of the different cylinders employed, it would be extremely 
difficult to estimate correctly the’ distortion of the scale, and hence to infer the frue 
temperature from the register. ' And this uncertainty would have been especially felt 
at very low temperatures, When 1 the place of the niercury is impressed by the most 
obRque rays on the paper,ahd when small errors of relative temperature' would 
largely affect the deddiced'hygrometric condition of the atmosphere. This difficulty 
has been obviated by enabling the apparatus to print continuously the scale of the 
thermometers, as WCll al to Indicate the position of the mercury. This has been 
effected by placing fine wires, opposite to each degree, across the aperture in'the 
Scale frame, through Which the light is transmitted to the stem of the instrument. 
By these wires a minute portion Of the exposed paper is protected from light, and 
thus the darkened portion Of ttie register is traversed by a series ’of parallel lines, 
corresponding with the scale’ of the thermometer. In Order to remove any ambiguity 
in the reading of this scale, a coarser wire is placed at every 1 ten degrees, 1 and an 
additional’coarse ’dire ht the points 92P, Si 9 , T6° mid ’98*; as orie Of these points may 
always be madeto appear on the register, tberekitive position of the extra coarse 
Wirei will determine the ’point of the scale which it represents.' ' ’■ 

It may’ here be mentioned that the wet bulb, 1 although mote than ® incites in 
length, is kept perfectly saturated* bybehng moistened at three different points by 
small bundles Of 'lamp^-cOtton placed round the muslin covering ‘of the bulb,'and 
immersed in a vessel of water placed nearly opposite its middle point. ■ 

It is very evident'thUt the apphratus most affiordsome ready-method of markingthe 
time-scale on the paper, that is, Of identifying any givenepoch of time With the indica¬ 
tions of the register: this is effected by closing at arty two known times the didiogdoom 
of the cylindrical casej for five minutes, and then re-opening them. Two ond&rkeued 
lines will be observed on the paper, corresponding to the known times;’the intervening 
space being subdivided by the elastic Scale, the time-scale is rendered complete*;; 

It may also be remarked, that in all the other photographic registers obtained at 
the Royal Observatory by the instruments previously described) tlite ohty certain hib- 
thod of marking the time scale is found to consist in breaking’the continuity of the 
line at a known epoch : this is effected by a piece of brass similar to one side bf a 

* As a facsimile of a photographic diurnal register will be found in the Greenwich Magnetic*! and Meteo¬ 
rological Observatione for 1837, it is nnnecessary to introduce ft in this place.'.. ‘ 
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purallelruler; placed edgpwise, one of, the connecting pieces being prolonged and 
patting down through the stand to act as a lever, by which the parallel moving piece 
is. raisedbe tween the cylindrical lens and tbe cone of the cylinder, so as to intercept 
the pencil, of light which traces the register line. The light, is usually,excluded.for 
admitted for l ™, again excluded for 5“,aud then re-admitted, the times of exclu¬ 
sion, admission and; re-admissioa being recorded. If, during the second passage of 
the tracing pencil of light over the paper, a break of six or eight , minutes be made, 
without the intervening spot, it will be found a convenient method of distinguishing 
the.two fines,<in case of any<ambiguity, • • . . . 

. Tbe soales of the thermometers in use have about 8° to 1 inch, from the registers 
of which the temperature may be readily read with, certainty to less than a teuthof a 
degvce.< - Of this scale, a space of about 60° rnay be illuminated at one time.; and in 
order that the temperature indicated may always be within the field, the tberrnoineteBS 
are, capable of being raised or lowered by a, screw, so as to bring the meao< tempera*, 
ture of the season nearly opposite the middle of the paper: thus there is no probability 
that the- record of any unusual and extreme changes of temperature will he Lost. 

Jn the description of the caiuphme lamp given in the first paper, previously referred 
to, the wick was stated to have been placed below the diaphragm in the chimney; 
at has since been found that there is another position in which equally perfect com¬ 
bustion takes place, which is when the wiok is raised to about an equal distance 
above the diaphragm; with this position of the wick, the liability to smoke is. very 
.materially diminished. . 

• : Equally good effects have recently been produced by gas, saturated with the vapour 
of coul naphtha, which renders the light much whiter and more intense- Without 
this addition to the gas the photographic paper is feebly affected during periods of 
rapid •movement of the magnet. The light used is that of a small fish-tail burner,' so 
made as to spread the gas as much as possible; the flame is placed edgewise towards 
itbe mirror,.in which position the illumination of the mirror is the brightest,.. • . 

The employment of these instruments is not however limited to. localities in which 
either' tfamphine or gas is accessible; for the barometer and thermometers, in .which 
largeandrapid movements of the tracing pencil of light are never required,to be de? 
pictwd,<an oil-lamp will answer sufficiently well: and by the same means t he ovdinaty 
tdiorn&l'Variations of the magnetometers may he delineated { but no opportunity has 
yet . occurred of obtaining, by means of an oil-lamp, a register, of. the rapid move 
inents occurring during a considerable disturbance. 

Qn a, New Method of determining the Scale and Temperature Coefficient if of Magnets 
t, peed in observing the Changes of Magnetic Farce. 

. fit appears from the ordinary formula expressing the equilibrium of the bifilar mag¬ 
net, .that small changes in the amount of horizontal force will have the same effect 
in displacing the magnet, as small corresponding changes in the suspended weight. 
Having then carefully weighed the magnet, the mirror and the suspending frame, two 
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small weights have been made, each equal to the rdm^h part of the whole weight. 
While the register is in action, one of these weights is placed on the torsion circle, 
and at an interval of time equal to that of one oscillation of the magnet, the second 
is added: if this be carefully done, the magnet will be very nearly at rest in its new 
position. After half an hour, or any convenient interval of time, the weights are re¬ 
moved in the same manner; and this must be repeated sufficiently often to eliminate 
the error of reading by a finely divided scale the displacement of the register line. 
Half the scale reading of this displacement rnay therefore be taken as the value of 
0*001 of the whole horizontal force. By this process the necessity of making several 
accurate linear measurements of the apparatus, and the errors that might arise there¬ 
from, are avoided. 

The following is the proposed method of determining the temperature coefficient. 
Let two magnets, one of them having a known coefficient, and that of the other to be 
now determined, be suspended in the bifilar method, at a distance of 15 feet from 
each other, the line joining their centres being a normal to the plane of the magnetic 
meridian. The torsion of the double threads should be in opposite directions, so that 
when the magnets are duly adjusted in equilibrium, in the line joining their centres, 
the similar poles may be towards each other. 

The most convenient scale coefficient of the bifilar magnet, for the purpose of pho¬ 
tographic registration, appears to be that which renders the angular value of the 
ordinary diurnal range nearly equal to the range of the declination magnet; the 
pulley over which the suspension thread of what may be called the standard magnet 
passes, being made of such a size as to give the required value to its scale coefficient, 
the distance between the threads of the other or trial magnet rnay be conveniently 
adjusted by a right- and left-handed screw (as in the suspension frame described 
in a former paper), so as to give a nearly equal value to its scale coefficient. The 
previously described arrangements for photographic registration being made, the 
registering apparatus is placed midway between the magnets, and by a few trials, 
the ratio of its distances from the magnets may be so arranged as to make their scale 
coefficients exactly equal. The magnets, having been previously protected by a coat 
of varnish, are suspended in water. The vessel made use of is a double zinc trough 
or box, the inner one being 18 inches long, 2 inches wide, and 4 inches deep, the 
outer one 3 inches longer and wider, leaving an equal space on all sides between 
the two, and half an inch deeper, with separate covers to each. For the standard 
magnet, the inner box only should be filled with water, the intervening space of air 
between the two tending to retard any variation of temperature of the water. For 
raising the temperature of the trial magnet, the outer box should be filled with 
warm water at such a temperature as will raise the water in the inner box to about 
100° Fahr. For lowering it to 32° Fahr., the outer box, or rather the space between 
the two, should be filled with a freezing mixture. The whole being allowed to cool 
gradually in the one case, and in the other to be raised gradually to the temperature 
of the atmosphere, the change of temperature will be found to be so slow, that the 
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temperature of the magnet may be presumed identical with that of the water in 
which it is immersed. This is ascertained by a thermometer with a long cylindrical 
bulb reaching nearly from the top to the bottom of the vessel, by which means it is 
presumed that the average temperature of the water will be most nearly determined. 

These arrangements having been made, a simultaneous register of the two magnets 
is obtained, during the progress of which, the temperature of the magnets must be ob¬ 
served at recorded times, and at any convenient intervals of from a quarter of an hour 
to two or three hours, the intervals of observation being least at the highest and lowest 
temperatures of the trial magnet, when the change is most rapid. Having marked 
upon the register the epochs of observation, the differences between the changes of 
position of the lines at these points may be measured by a scale, and these differences 
will very accurately represent the scale-value of the changes of force due to the cor¬ 
responding changes of temperature of the trial magnet; for ordinarily the tempera¬ 
ture of the standard magnet may be considered constant during each of the intervals 
of observation. 


A sufficient number of these differential scale-readings having been obtained, they 
may for reduction be conveniently arranged in five groups, between the temperatures 
32°, 45°, 60°, 7a°, 90°, 100°. Denoting the differences of temperature by D, the mean 
temperatures of the periods of observation by M, and the scale-readings by It, the 

£(M x D) 

mean temperature of each group is found from the formula > and the corre- 

X(D x ttl 

sponding mean value of R for an interval of 1° Fahr. from the formula 

which may be represented by AK, K being the temperature coefficient. As it has 
been found convenient to reduce magnetic observations to the temperature of 32° 
Fahr., let the excess of the above mean temperatures above that point be represented 
by /, and let x and y be the coefficients of the first and second powers of t in the value 
of K; then five equations will be obtained of tlie form 

AK=.r+y/, 

which being solved by the method of least squares, will give probably correct values 
of x and y. From the form of the preceding equation, it follows that 


The above method lias been applied to determine the temperature coefficients of two 
bar-magnets marked C.B. VIII. and C.B. IX*. But as the premises on which the 
observations were made present the usual obstacles of a dwelling-house to the free 
action of magnetic instruments, namely, the large mass of iron contained in the grates, 
only one position could be found in which the effects of the most contiguous masses 
of iron would nearly neutralize each other: and in consequence of this difficulty, the 
register of the trial-magnet here obtained has been compared with that obtained 

* These magneta belong to a complete set of self-registering photographic apparatus intended to be pre¬ 
sented to the Observatory at Cambridge by the Master of Trinity College. 
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simultaneously at the Royal Observatory; the result is therefore open to the objection 
of a possible difference in the changes of horizontal force at the two places. But it 
appears from a comparison of several photographic registers obtained simultaneously 
at Greenwich and in Keppel Street, some of which include periods of considerable 
disturbance, that a difference in the simultaneous changes of horizontal force in 
these two localities is very rarely perceptible. 

The annexed Table contains the numerical observations from which the temperature 
coefficient of the bar C.B. VIII. has been determined. The scale-readings are taken 


C.B. VIII. 
















I IKAND ^tfBTEORWKOCrCAt^lNSTRDHEJSTSi BY «BOT»KHASPHV, 


«) 


'>' C.Bi ViHu! (Coatcmtedi^ 


Times of 

. tioa. 
oUukMf 
1849, 
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TetagMk 
ratures. 
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W 
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t 

d h m 
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, 2 30 

3 

30 

4 0 
43 

5 33 
' 6 0 

7 13 

8 13 

9 9 
43 

11 28 

600 
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569 
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585 
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A. 
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3 

0 

4 
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6 

- 5 
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6 

0 

B. 
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3 

0 

5 
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- — • & ~ 

9 

- 6 
-10 

7 
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C. 

5 
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18 

20 

13 

22 
—9 ' 
13 

27 

28 

I 

19 ! 

195 ! 

184 
1*83 
167 
147 
>iu f 
112 
To 3 " 
90 
63 
35 
34 

15 

'$3^ ; 
34fl, 
35-2 
l 36**’ 
38*7 
40*4 
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43*4 
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1*4 
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0*5 
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37*7 
39*5 

41 • J 
42*3 
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4*1 
46*5 
46*6 
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R. 

8 

15 
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21 

20 

18 

20 
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22 

21 

18 

8 

19 

,-36 
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36l 
289 
16 9 
121 
36 
196 
169 

81 

25 

144 

48 

165 

304. 

399 

340 
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220 

66 

308 

273 
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40 

228 

1 

£028 

3806 

*760 
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6715 

5343 

4653 
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W* 

4)94 

236$ 
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2 
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1 
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2 
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l 

36 

19 

31 
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10 

-10 

13 
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5 

0 

it 

20 

11 
- 11 

15 

9 
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17 

3 ! 
17 

8 | 
i 33 i 

i “ i 
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645 
i 631 
; 614 

611 
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553 
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33*2 
33*9 
: 35*4 
36*8 
37*8 
| 40*7 
42*0 

1 43*5 
j 45*4 

i 

! 9’7 

1*5 

1 y. 4 

1*0 
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i {•? 
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i 

33*6 j 11 
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49 
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196 

100 

841 

169 
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j 

.7 

285 

266 

140 

1073 

247 

330 

532 

_ 

2352 

5190 

5084 

3730 

11368 

5382 

6420 

8436 


6a a scale having 100 divisions in an inch. The differences of the scale-readings of 
the Royal Observatory registers are reduced to the scale of the observed magnet by 
multiplying them by the ratio of the scale coefficients: this ratio is expressed by 
1 - U5*. The reduced scale-readings, 11, are the sums of the readings B and 
becatise the variation is represented in opposite directions on the two registers. 

These quantities being arranged in five groups according to the temperatures M, 
and the mean values obtained by the above formula;, the five following equations 
result:—■ 


x+ r-2y—13-42 r— o-io 

*+217#= 1454 +0-02 

x+3 4 ■ 0»/ = 15 ■!j5 residual errors<J +015 

x+49-5y= 16-50 +(H>8 

x+62%= 1720 1-012 

* In the very few instances in which it appeared necessary, a correction has been applied to the Greenwich 
icale*readings for observed changes of temperature. 
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These equations, solved by the method of least squares, give 

13*0269; y =0*0685. 

By the method of weights described above, the scale value of 0*001 of the total hori¬ 
zontal force was found to be 25*27 sc. div., consequently the values of x and y ex¬ 
pressed in parts of force are 

#=0*00051550 ; y =0*000002710. 

As the effect of a small increase of weight in displacing the magnet is the same as 
that of a small corresponding diminution of force, when the correction is subsequently 
applied to the magnet suspended in air, the value of x above found must be dimi¬ 
nished by a small quantity representing the effect of the increase of weight due to 
the weight of the water displaced by the magnet being diminished by expansion, as 
the temperature increases; this may be called the coefficient of expansion, and may 
be thus found. 

Let w y Sy b be the cubical expansions of water, steel and brass i^spectively, for 1° 
Fahr., then 

w =0*0001500 (Hue) 
s =0*0000204 (Smeaton) 
b =0*0000291 ; 

and if U be the weight lost by the magnet at 32° Fahr., and U' the weight lost at any 
observed temperature, 32°+/°, the value of U will be 

U'{ 1 + (tt,-s)/} =U'( 1 +0*0001296 /) ; 

and if V and V' similarly represent the weights lost by the stirrup and end of the frame 
immersed, 

V=V'{ 1 + (w—b)t} = V'( 1 +0*0001209 /). 

Let W be the weight in air of the magnet and its appendages, then the coefficient of 
expansion for f° above 32° expressed in parts of the force will be 

U x 0*0001 296 + Vx 0*0001209 ^ 

vv L 

In the present instance the value of this coefficient is 

0*00001022 ty or 0*00001/ nearly, 

and the value of x being diminished by this quantity, the whole temperature coefficient 
will be 

0*00050528/+0000001355/ 2 . 

The temperature coefficient of the bar (C.B. IX.) similarly determined is 

0*0003822 /+0-000000947/ 2 . 

In both these instances, it will be seen that the temperature coefficient varies con¬ 
siderably from the uniform law usually employed in the reduction of magnetic ob- 
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servations*; and as it is impossible to foresee what points of scientific interest in the 
investigation of magnetic changes may depend on the determination of small quan¬ 
tities, and on the relation of magnetic variation in warm and cold climates, it may 
be considered not undesirable to ascertain, with the greatest attainable degree of 
accuracy, the temperature coefficients of all magnets to be employed in observing 
the changes of force. In the method here proposed, the magnet is under circum¬ 
stances precisely similar to those which would exist when it is subsequently used in 
observation; it may therefore be considered less open to objection than the ordi¬ 
nary method of deflection, by which the temperature coefficient is inferred from the 
mutual action of two magnets and the earth on each other. Amongst other sources 
of uncertainty in tiie latter method, may be mentioned the unexplained difference in 
the result that has frequently been observed, according as the marked or unmarked 
pole of the deflecting, has been turned towards the deflected magnet; arising pro¬ 
bably from the unequal, and possibly variable, distribution of magnetism throughout 
the bar; which conditions, if they really exist, will have precisely the same effect on 
the indications of the magnet when under trial, as they would have when it is in 
actual use. 

By introducing the differences only of the scale-readings into the calculation, 
large numerical quantities are avoided, as well as the necessity of adopting a zero 
point, or scale-reading corresponding to no deflecting force. 

* The fact of the decrease of magnetic intensity not being in the simple ratio of the increase of temperature, 
but in some higher ratio, was it is believed first announced by Professor Christie, See. R.S., in the Philoso¬ 
phical Transactions, 1825, p. 63. 


Keppel Street , 1849, June 21. 
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V. Researches regarding the Molecular Constitution of the Volatile Organic Bases . 
By Dr . A. W. Hofmann, F.C.S., Professor of the Royal College of Chemistry of 
London . Communicated by Sir James Clark, Bart., F.R.S. 


Received December 26, 1849,—Read January 17, 1850. 

The limited number of elementary substances which are concerned in the elabora¬ 
tion of the endless variety of organic compounds, long ago directed the course of 
chemical inquiry into the channel of speculations as to the mode in which the 
various constituents are grouped in bodies of this nature. The necessity of these 
speculations became more and more imperative as the boundary of the science ex¬ 
tended ; they were indeed forced upon us by the discovery of substances isomeric 
with each other which deprived us of the resort to mere quantity for the explanation 
of their contrasting qualities. Wild and incongruous though some of the views, pro¬ 
posed from time to time, may have been, it must be admitted that their influence 
upon the progress of chemistry has been most beneficial; especially in the organic 
department of this science, it is to the theory of the compound radicals, the result of 
these speculations, that we are indebted for the light which now begins to dawn upon 
the chaos of collected facts, even if we should never succeed in isolating these radicals. 

Among the various classes of organic substances, there is perhaps none of which, 
from an early period, chemists have so constantly endeavoured to attain a general 
conception as the group of compounds which have received the name of organic 
bases, all—and they are now very numerous—being capable of combining, like the 
metallic oxides, with acids, and being derived either from vital processes in animals 
or plants, or from a variety of artificial reactions conducted in the laboratory. 

The remarkable analogy between all these substances and ammonia, which in its 
turn imitates as it were in its chemical deportment the mineral oxides, naturally at¬ 
tracted the notice of chemists soon after Serturner’s discovery of the first of these 
alkaloids in the beginning of this century. Nor have they ever since been classified 
separately from ammonia; philosophers have only differed as to the mode of their 
relation with the typical compound. 

Of the theories which have been enunciated respecting the constitution of the 
organic bases, there are two of chief importance, which may be designated as the 
ammonia- and the amidogen-theory, the former having been first proposed by Ber¬ 
zelius*, while the latter we owe to Liebig-^. According to the former of the two 

* Traittf de Chimie, vi. p. ii. 

f Haudwortcrbuch der Chemie von Liebig, Wohler und Poggendorff, Bd. i. p. 699. Artikel Organisclie 
Basen. 
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chemists, the ammonia would pre-exist in the organic bases; these bodies would be 
conjugated compounds of ammonia with various adjuncts, containing either carbon 
and hydrogen, or these elements together with nitrogen, oxygen and even sulphur, 
compounds in which the original character of the ammonia has only been slightly 
modified by the accession of the adjunct. This view is chiefly supported by the mode 
and the proportions in which these alkaloids combine with acids, and by the fact, that 
various organic substances, by directly uniting with ammonia, give rise to the forma¬ 
tion of basic compounds which arc perfectly analogous to the alkaloids occurring in 
the economy of nature. According to Liebig’s opinion, ammonia would no longer 
exist in the organic bases. At the time when Liebig* wrote upon this subject, the 
attention of chemists was much engaged with the study of a class of compounds, 
known under the name of amides, the prototype of which, oxamide, was discovered 
by Dumas. These substances, all strictly neutral, originate from ammonia by the 
loss of one equivalent of hydrogen, which is abstracted by the oxygen or chlorine of 
certain electro-negative bodies (as in the formation of oxamide and benzamide), a 
hypothetical substance, arnidogen, H 2 N, remaining in combination with the oxide or 
chloride, deprived of I equiv. of oxygen or chlorine. Liebig thought that the forma¬ 
tion of the organic bases might take place in a similar manner, namely, by a reduc¬ 
tion of ammonia to the state of arnidogen, by the action of electro-positive organic* 
oxides. 

Each of these theories being expressed in a simple formula, the organic bases, ac¬ 
cording to Berzelius, would be represented by the terms 

h,n+x, 

while Liebig’s view would characterize them as 

h 2 n+y, 

X denoting generally an organic compound containing carbon, hydrogen, and pos 
sibly nitrogen, oxygen and sulphur, while Y expresses an organic oxide, chloride, &c., 
minus 1 equiv. of oxygen, chlorine, &c. 

Objections have been raised against either theory, and the opinions of chemists 
have remained divided. Liebig has not returned any more to the subject, but Ber¬ 
zelius took frequent occasion, both in his ‘Annual Report ’ and in the several editions 
of his ‘Traite,’ to defend his notion by the skilful interpretation of every new fact 
which was elaborated by the progress of the science. The weight of his authority 
has not been without influence, for it cannot be denied that Berzelius’s view has 
become more and more generally accepted, especially since a series of comparative 
researches, conducted of late upon the derivatives of the salts of ammonia and of 
organic bases, appeared to give fresh support to this theory. These experiments 
pointed out that the elimination of hydrogen from organic bases and ammonia is by 
no means confined to one equivalent; oxalate of ammonia, which by the loss of 2 equivs. 
of water is converted into oxamide, when deprived of the whole of its hydrogen in 

* Loc . cit . p. 235. 
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the form of water, becomes cyanogen (oxalonitrile); an analogous change occurs with 
the acid salts of ammonia, resulting in the formation of two classes of compounds, 
differing, the one by two, the other by four equivalents of water, from the original 
salt. 

The representation of several of these groups in analogous derivatives from the 
salts of organic bases, especially from the salts of aniline, could not but strengthen 
the belief that ammonia actually pre-exists in the organic alkaloids. Incidentally to 
some researches communicated to the Chemical Society of London*, I gave a synopsis 
of all the facts supporting the view of Berzelius. 

The prosecution however of this inquiry has elicited many points, which are scarcely 
reconcileable with this theory. In another paperf- I endeavoured to show that the 
force of the argument in favour of this view, derived from the considerations just 
stated, is greatly neutralized on the completion of the comparison between the two 
series by the failure of the analogy, just at the point where its occurrence would have 
been most decisive. Now this very failure is not only in perfect harmony with, but 
would be required by, the theory of amidogen-bases. 

Yet stronger grounds for the acceptation of the latter view have been afforded by 
a splendid investigation of M. WurtzJ on the compounds of ethers with cyanic acid, 
which have actually realized a series of substances, anticipated in a most remarkable 
manner by Liebig on the theoretical ground of his conception of the nature of these 
compounds. Instances of such anticipation of discovery are so rare, that I may be 
allowed to quote the words in which Liebig predicted nearly ten years ago the dis¬ 
covery of M. Wurtz :—“ If,” said Liebig in continuing the development of his ideas 
respecting the constitution of the organic bases, “ we were enabled to replace by 
amidogen the oxygen in the oxides of methyl and ethyl, in the oxides of two basic 
radicals, we should without the slightest doubt obtain a series of compounds exhibit¬ 
ing a deportment similar in every respect to that of ammonia. Expressed in symbols, 
a compound of the formula 

C 4 H : „ II 2 N=E, Ad 

would be endowed with basic properties.” 

Now these compounds, imagined in 1840 by Liebig in illustration of his views, 
have sprung into existence in 1849, with all the properties assigned to them by that 
chemist. At the beginning of the present year, M. Wurtz, in investigating the cya- 
nates of ethyl, methyl and amyl, arrived at the unexpected result that these com¬ 
pounds, when decomposed by potassa, undergo a change analogous to that of cyanic 
acid. This acid, when treated with potassa, yielding carbonic acid and ammonia, the 
corresponding ethers were split into carbonic acid and compound ammonias of the 
exact formula indicated in Liebig's suggestion. 

It would be difficult to imagine a more brilliant triumph for any theoretical spccu- 

* Researches on the Volatile Organic Bases, III. Action of Chloride, Bromide and Iodide of Cyanogen upon 
Aniline, Chein. Soc. Quart. Journ. i. p. 285. 

f Chem. Soc. Quart. Joum. ii. p. 331. J Compt. Rend, xxviii. p. 223. § Loc. cit. p. 235. 
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lation; I have however no doubt that even the illustrious propounder of this view is 
at present far from believing that all the organic bases are amidogen-compounds. 
The progress of our knowledge has changed the form of this view, without shaking 
its foundation. A good theory is more than a temporary expression of the state of 
science, collecting under a general view the facts acquired up to the moment of its 
birth. It will not, like ephemeral hypothesis, vanish before the light of succeeding 
discoveries, but expanding with the growth of science, it will still correctly represent 
the known facts, though of necessity modified into a more general expression. 

Such a theory then was that of Liebig. Resting as it did, upon the facts observed 
in the formation of the neutral amides, it was, as originally framed, an expression of 
the knowledge we then possessed. Subsequent researches showed that it was not 
only the 1 equiv. of hydrogen (the abstraction and replacement of which had led us 
to amidogen and the amides) that could be removed from the ammonia, but that 
similarly 2 equivs., and even the whole of the hydrogen could be withdrawn from 
their position in this base and substituted by other atoms, as in the imides and 
nitriles. 

If then we give to Liebig’s view the extension of which it naturally admits, and 
which is demanded by the onward steps of science, we arrive at a more general 
conception of the nature of the organic bases; amidogen and the amides now pre¬ 
senting themselves to us only as particular instances of the permutations possible 
among the elements of the primary type ammonia. It seemed but logical to look 
among the bases for analogues too of the imidogen-compounds and the nitriles. In 
other words, it appeared desirable to inquire whether the several equivalents of 
hydrogen in ammonia could not be replaced, not only by atoms neutralizing the 
basic properties of the original system, but also by elements or groups of elements, 
not affecting, or but slightly modifying the alkaline character of the primary com¬ 
pound. Were this possible, we should arrive at the formation of three classes of 
organic bases, derived from ammonia by the replacement respectively of 1, 2 or 3 
equivalents of hydrogen. 

Expressed in formulae, these compounds would be— 

H rN=Ammonia. 

hJ 

H 1 

H rN—Bases of the first class, provisionally called amidogen-bases. 

H 1 

X rN—Bases of the second class, provisionally called imidogen-bases. 

yj 

X I 

Y rN—Bases of the third class, provisionally called nitrile-bases 

ZJ 



MOLECULAR CONSTITUTION OF THE VOLATILE ORGANIC BASES. 


97 


The bases belonging to the first class are pretty numerously represented. Aniline, 
methylamine, ethylamine, amylamine, when considered as amidogen-compounds, be¬ 
long to this group. 


H 1 

H N = Aniline 


H ] 

« 1 

H 

II J N = Methylamine 

H J N = Ethylamine 

H 

C a II,j 

C,H S J 

C, oH, 


=Amylamine. 


Bases of the second and third of the above classes had not been hitherto obtained, 
although it is not improbable that many of the alkaloids, whose constitution is at pre¬ 
sent perfectly unknown, may be found on a closer investigation to be members of 
these latter groups. 

The researches which I have the honour of presenting to the Royal Society will 
exhibit a series of artificial bases, which are evidently produced, by the substitution of 
carbohydrides, for the second and third equivalents of hydrogen in the ammonia. 

Before proceeding however to the details of my experiments, I shall state, that I 
am far from supposing that the above formulae include the constitution of all the 
complex bases with which we are acquainted. It is chiefly the volatile alkaloids whose 
constitution may be represented by this view, but even here exceptions may occur. 

Both the ammonia- and the amidogen-theory of the organic bases appear to me to 
have the same defect, in that they endeavour to compress into a single proposition 
our notions respecting the endless variety of compounds which are united under the 
collective term organic bases. If we reflect upon the manifold sources from which the 
various groups of alkaloids are derived and the differences which we observe in their 
physical properties, and even in their chemical deportment, it is but natural to assume 
that in their constitution a diversity may exist similar to that of the organic acids, 
which we cannot attempt to include under one common theory of construction. On 
comparing the alkaloids of the Cinchona bark with urea and creatinine, or with nico¬ 
tine and aniline, few chemists indeed will be inclined to believe that the constituents 
in these various substances are arranged in the same manner. The constitution of 
the non-volatile organic bases will probably present a very considerable diversity ; 
and it is not at all unlikely that this elass will exhibit even instances of conjugated 
ammonias in Berzelius’s acceptation of the term. 

In commencing my experimental inquiry, the first step was to select the particular 
base which should be the subject of operation, and the radicals whose introduction 
should he attempted. On the one hand, rny previous experimental occupations sug¬ 
gested aniline for the foundation; while, on the other, the radicals existing in aniline 
and its congeners, methylamine, ethylamine and amylamine, namely, phenyl, methyl, 
ethyl and amyl, presented themselves as materials for construction. 


Action of Phenyl-alcohol on Aniline. 

My endeavours to introduce into aniline a second equivalent of phenyl, in order to 
convert 


MDCCCL. 


O 
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H 1 

H VN 

? 12 hJ 


into 



have been unsuccessful up to the present moment. I had hoped that this conversion 
might be effected by the action of phenyl-alcohol on aniline according to the follow¬ 
ing equation: 

hi r h i 

N+2IIO. 

Pbenyl-alcohol, however, has neither at the common nor at a high temperature— 
the mixture was exposed for several days in a sealed tube to 250° in an oil-bath—any 
action upon aniline. The residuary aniline was identified by analysis. When con¬ 
verted into a platinum-salt— 

0*3120 grm. of the salt left on ignition 0*1024 grm. of platinum. 


H 1 

1 1 

r h i 

H 

c 12 hJ 

lN+HO,C 12 H 5 0,=j 

I H 5 | 
ICuHj 


Experimental percentage of platinum. Theoretical percentage in the aniline-platinum-salt. 

32-82 32-98 

This experiment, when repeated for a longer period, might possibly give a more 
satisfactory result. It is known that ammonia, by a similar treatment with phenyl- 
alcohol, is likewise only very slowly converted into aniline. 

The action of chloride and bromide of phenyl C 12 II 5 Cl, and C 12 H 5 Br upon aniline 
promised a better result; but the difficulties which I encountered in preparing these 
compounds, which are as yet but very imperfectly investigated, deterred me from 
farther pursuing this direction of the inquiry. 

Much more successful were my endeavours to substitute methyl, ethyl and amyl 
for the remainder of the basic hydrogen in aniline. The compounds of these radicals 
with chlorine, bromine and iodine appeared to be the most appropriate substances for 
this purpose. I have worked with these three classes of compounds, but finding that 
the use of the chlorides and iodides is attended with inconveniences, the former com¬ 
pounds being exceedingly difficult to handle on account of their volatility, while the 
latter often complicate the reactions by the rapid decomposition of the hydriodic 
acid formed in the process, I have almost exclusively employed the bromides, whose 
action is so precise and definite as to preclude the necessity of seeking any farther 
agent; only when working in the methyl-series I have sometimes preferred to employ 
the iodide, which is far less volatile than the bromide. Still the deportment of the 
iodides presents some peculiarities, which require farther elucidation. 


Action op Bromide of Ethyl upon Aniline. 

On adding dry bromide of ethyl to aniline, no change takes place in the cold, but 
on gently heating the mixture in an apparatus which will allow the volatilized bro¬ 
mide to return to the aniline, a lively reaction ensues. The liquid remains for some 
time in a state of ebullition, and solidifies on cooling into a mass of crystals. If a 
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cold mixture of the two bodies be left for a few hours, it deposits crystals, which are 
much more definite than those obtained on the cooling of the hot solution. In either 
case the fluid assumes a deep amber colour which approaches brown, and the crystals 
are usually slightly yellow. These crystals vary in composition according to the pro¬ 
portions in which the two bodies have been mixed. If a very large excess of aniline 
has been used, they are of a prismatic character, and consist of pure hydrobromate 
of aniline. This compound was identified by analysis:— 

0-0486 grm. of the crystals gave 0 - 0525 grm. of bromide of silver. 

Experimental percentage of bromine. Theoretical percentage of bromine in 

hydrobromate of aniline. 

4588 45*97 

On the other hand, if the bromide of ethyl predominates to a considerable extent, 
the crystals are flat, four-sided tables, sometimes of considerable size. Several ana¬ 
lyses, the details of which will be found below, showed that they were the hydrobro¬ 
mate of a new base*, represented by the formula— 



i. e . of aniline in which 1 equiv. of hydrogen is replaced by 1 equiv. of ethyl, or am¬ 
monia in which 2 equivs. of hydrogen are replaced, the one by phenyl, the other by 
ethyl. The same base is contained in the free state, either alone or mixed with aniline 
in the mother-liquor of the crystals of hydrobromate of aniline, while the mother- 
liquor of the hydrobromate of the new base, especially if a large excess of the bromide 
has been employed, and after some days’ standing, consists of nearly perfectly pure 
bromide of ethyl, only a small quantity of the hydrobromate in question being kept 
in solution. 

The formation of the new basic compound, for which I propose the name Ethyl- 
aniline or Ethylophenylamine, takes place by the removal, from aniline, of 1 equiv. 
of hydrogen, in the form of hydrobromic acid, for which an equivalent of ethyl is 
substituted, the compound thus produced uniting with the hydrobromic acid. Hence 
the action of bromide of ethyl upon aniline may be represented by the following two 
simple equations:— 

2 C 12 H 7 N+C 4 H 5 Br= C 12 H 7 N,HBr +C 16 H u N 

Aniline. Bromide of Hydrobromate of Bthylaniline. 

Ethyl. Aniline. 

C 12 H; N+C 4 H 5 Br=C 16 H n N, H Br 

'--V- ' *-v-' 1 -v-- 

Aniline. Bromide of Hydrobromate of 
Ethyl. Bthylaniline. 

* Frequently, as may be imagined, mixtures of the two hydrobrom&tes are deposited according to the pro¬ 
portion in which the constituents are mixed. 


o 2 
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Ethylaniline ( Ethylophenylamine ). 

This base may be readily obtained in a state of purity by decomposing the solution 
of the hydrobromate with a concentrated solution of potassa. A brown basic oil rises 
at once to the top of the liquid; it is separated by means of a pipette or a tap-funnel, 
and subjected to rectification, after having been freed from water by standing over 
solid potassa. Thus a colourless transparent oil is obtained, which rapidly turns 
brown on exposure to air and light, and has a very high refractive power. It has all 
the properties of the oily bases in general. From aniline it is distinguished by a slight 
difference in the odour, perhaps imperceptible to an inexperienced nose, by a higher 
boiling-point and a lower specific gravity. Ethylaniline boils (from platinum) con¬ 
stantly at 204°, the boiling-point of aniline being 182°; the specific gravity of this 
base is 0*954 at 18°, that of aniline being 1*020 at 16°. Ethylaniline does not exhibit 
the violet coloration with chloride of lime which characterizes aniline. Its acid solu¬ 
tions impart a yellow colour to fir-wood and the pith of elder-tree, although less in¬ 
tensely than those of aniline. By dry chromic acid the base is inflamed like aniline. 

Analyses performed with protoxide of copper gave the following results:— 

I. 0*2566 grm. of oil gave 0*7470 grm. of carbonic acid*. 

II. 0*3048 grm. of oil gave 0*8850 grm. of carbonic acid, and 0*2544 grm. of water. 


Carbon . . 

Hydrogen . 

The formula 

requires the following values:— 

16 equivs. of Carbon . . 
11 equivs. of Hydrogen . 
1 equiv. of Nitrogen . . 

1 equiv. of Ethylaniline. 


Percentage-composition. 

' I. II. 

79*39 7919 

- 9*27 


c 16 h u n 



Theory. 

-A. . .. 

Mean of experiments. 

. . < ~96 

79*33’ 

79*28 

. . 11 

9*09 

9*27 

. . 14 

11*58 

— 

. . 121 

100*00 



The salts of ethylaniline are remarkable for their solubility, especially in water. 
They are not easily obtained in well-defined crystals from an aqueous solution. 
From alcohol, in which they are somewhat less soluble than in water, several salts 
may be readily crystallized. Both the hydrochlorate and oxalate are obtained only 
on evaporating their solutions nearly to dryness, when the salts separate in the form 
of radiated masses; the sulphate and nitrate have not as yet been obtained in the 
solid form. 


* The hydrogen «u loet. 
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Hydrobromate of Etkylaniline. 

The hydrobromate is extremely soluble iu water, but crystallizes on spontaneous 
evaporation of its alcoholic solution in splendid regularly formed tables, of consider¬ 
able size and perfect beauty. 1 intend to give the measurement of these crystals in 
a future communication. The analyses of this salt, dried at 100°, gave the following 
results:— 

I. 0*6412 grm. of hydrobromate gave 0*5956 grm. of bromide of silver. 

II. 0*5553 grm. of hydrobromate gave 0*5216 grm. of bromide of silver. 


Percentage of Hydrobromic Acid. 



4001 40*47 


The formula 

C 16 H n N, H Br 

requires the following values :— 

1 equiv. of Ethylaniline.121 

1 equiv. of Hydrobromic Acid .... 81 


Theory. 


59*91 

40*09 


Mean of experiment. 


40*24 


1 equiv. of Hydrobromate of Ethylaniline 202 100*00 

The hydrobromate of ethylaniline when gently heated sublimes, like the corre¬ 
sponding aniline-salt, in splendid needles, but when subjected to the action of a 
rapidly increasing heat it undergoes a very remarkable decomposition, being rede¬ 
composed into aniline and bromide of ethyl. On addition of hydrochloric acid to 
the distillate, the aniline dissolves, while the bromide of ethyl collects as a heavy oil 
at the bottom of the vessel. 


C 16 H n N, H Br=C 12 H 7 N+C 4 H 5 Br 

Aniline. 


Hydrobromate of 
Ethylaniline. 


Bromide of 
Ethyl. 


I have in vain tried to split hydrobromate of aniline according to the equation 


C, 2 H 7 N, H Br=H 3 N+C, 2 H, Br 
v- - -- <-' 


Hydrobromate of 
Aniline. 


Bromide of 
Phenyl. 


This salt sublimes, even when suddenly heated, without any decomposition. 


Platinum-Salt of Ethylaniline. 

I have controled the formula of ethylaniline moreover by the analysis of the 
platinum double salt of this substance. This salt is likewise very soluble, and may 
by this property be distinguished from the corresponding aniline-salt; on addition of 
a concentrated solution of bichloride of platinum to a concentrated solution of this 
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hydrochlorate, a deep orange-red oil is deposited* which solidifies* sometimes only 
after half a day, with crystalline texture. If a moderately concentrated solution 
be employed* the salt crystallizes in the course of a few hours in magnificent yellow 
needles, often of an inch in length. On account of its great solubility in water and 
alcohol* it has to be washed with a mixture of alcohol and ether, in which the latter 
predominates. It may be dried at 100° without decomposition. 

On analysis the following numbers were obtained:— 


0*3550 grm. of platinum-salt gave 0*3275 grm. of carbonic acid and 0*1055 grin. 


of water. 

0*1812 grm. of platinum-salt gave 0*0545 grm. of platinum. 


C l§ H n N, H Cl* Pt Cl 


The formula 
requires the following values:— 

16 equivs. of Carbon 
12 equivs. of Hydrogen 
1 equiv. of Nitrogen . 

3 equivs. of Chlorine . 

1 equiv. of Platinum . 

1 equiv. of Platinum-salt 


Theory. 

.a_ 

Experiment. 

96*00 

29*34 

29*24 

12*00 

3*66 

3*83 

14*00 

4*29 

— 

106*50 

32*55 

— 

98*68 

30*16 

30*07 

326* 18 

10000 



Terchloride of gold and protochloride of mercury yield with solutions of ethylani- 
line yellow oily precipitates, which are very readily decomposed. 

Of the products of decomposition of ethylaniline, I know as yet almost nothing, 
although they will not be deficient in interest in a theoretical point of view. 

The action of bromine gives rise to the formation of two compounds, both crystal¬ 
line, one basic, the other indifferent and corresponding probably to tribromaniline. 
Neither of these substances has yet been analysed. 

On passing cyanogen into an alcoholic solution of ethylaniline, short yellow prisms 
are deposited after some time, which are evidently cyanethylaniline, Cy, C 16 H n N, 
corresponding to cyaniline and cyanocumidine*. This new cyanogen-base dissolves 
in dilute sulphuric acid, and is thrown down from this solution by ammonia in form 
of a floury precipitate. The hydrochlorate, like the corresponding cyaniline-salt, is 
very insoluble in hydrochloric acid. It may be obtained in fine crystals on addition 
of hydrochloric acid to a solution of the base in dilute sulphuric acid. Cyanethyl¬ 
aniline, like cyaniline, forms a very soluble platinum-salt. 

I have made also some qualitative experiments respecting the deportment of ethyl¬ 
aniline with chloride of cyanogen. This gas is rapidly absorbed* much heat being 
evolved. On cooling, the mass solidifies into a resinous mixture of a hydrochlorate 
and a neutral oil, which separates on addition of water. The base separated from 


* Chemical Society, Quart. Journ. i, p. 159. 
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the bydrochlorate is an oil, and volatile, while melaniline, produced in the correspond¬ 
ing reaction of chloride of cyanogen with aniline, is solid and non-volatile. 

Bisulphide of carbon gives rise to a gradual evolution of bydrosulphuric acid, no 
crystals being deposited from the mixture. 

Phosgene gas acts powerfully on ethylaniline, a liquid compound being formed 
together with hydrochlorate of ethylaniline. No analysis having as yet been per¬ 
formed of these compounds, I refrain from entering into any farther details. 


Action of Bromide of Ethyl upon Ethylaniline. 


The phenomena attending the action of bromide of ethyl upon ethylaniline resem¬ 
ble those which are observed in the corresponding treatment of aniline. The reaction 
however is less powerful, another equivalent of hydrogen in aniline being less easily 
eliminated or replaced. Four or five days elapse before the separation of crystals 
commences at the common temperatures. The formation however is considerably 
accelerated on application of heat. 

The experience obtained in the preparation of ethylaniline suggested at once the 
use of a very large excess of bromide of ethyl, by which the formation of one com¬ 
pound only was secured. The mixture assumed a light-yellow colour, turned gradu¬ 
ally brown, and deposited after five days four-sided tables of considerable size and 
remarkable beauty. The mother-liquor was coloured bromide of ethyl, leaving, when 
distilled off, a small quantity of the same crystalline compound. 

The substance in question was, as a subsequent analysis will prove, the pure bydro- 
bromate of a new base, which is represented by the formula— 


-'20 


h 15 n 



t. e. of ethylaniline in which 1 equiv. of hydrogen is replaced by ethyl, or aniline in 
which 2 equivs. of the same radical are substituted for a corresponding number of 
hydrogen-equivalents, or lastly ammonia, in which the three equivalents of hydrogen 
are replaced, the one by phenyl, the two others each by ethyl. 

The formation of this new substance, for which I propose the name diethylaniline 
or diethylophenylamine, requires no farther illustration: it is absolutely analogous 
to the production of ethylaniline. 


Diethylaniline ( Diethylophenylamine ). 

The preparation of this compound in a state of purity resembles that of the preceding 
base, whose physical properties have been only slightly modified by the introduction 
of the second equivalent of ethyl. The specific gravity was found to be 0*939 at 18°, 
showing a slight decrease when compared with that of ethylaniline (0*954). The 
boiling-point, however, was raised nearly 10 degrees; diethylaniline boils quite con¬ 
stantly at 213 0, 5. Diethylaniline is moreover distinguished from ethylaniline by re- 
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mainin g perfectly bright and colourless when exposed to the air. Like ethylaniline 
it still imparts a yellow colour to fir-wood, but, like the former, fails to affect a solu¬ 
tion of hypochlorite of lime. 

Analysis performed with protoxide of copper gave the following results:— 

0*2301 grm. of oil gave 0*6814 grin, of carbonic acid and 0*2118 grm. of water. 
The formula 

C m H 15 N 

requires the following values, which may be placed in juxtaposition with the per- 


centage deduced from the above analysis. 


Theory. 

A 

Experiment. 

20 equivs. of Carbon .... 

120~ 

80*53 

80*76 

15 equivs. of Hydrogen . . . 

15 

10*06 

10*22 

1 equiv. of Nitrogen .... 

14 

9*41 

— 

1 equiv. of Diethylaniline . . 

149 

100*00 



To obtain farther evidence for the formula of this compound, both the hydrobromate 
and the platinum-salt were subjected to analysis. 

Hydrobromate of Diethylaniline. 

I have mentioned this salt when speaking of the formation of the second base. It 
is, extremely soluble, and resembles in every respect the corresponding ethylaniline- 
compound. The bromine-determination gave the following results:— 

0*4277 grm. of salt gave 0*3490 grin, of bromide of silver. 

I place the experimental percentage of hydrobromie acid in juxtaposition with the 
theoretical value of the formula 

Qa, H 15 N, H Br. 

Theory. Experiment. 

1 equiv. of Diethylaniline. 149 64*78 - 

1 equiv. of Hydrobromie acid. 81 35*22 35*14 

1 equiv. of Hydrobromate of Diethylaniline 230 100*00 

The hydrobromate of diethylaniline, when gently heated, fuses and sublimes like the 
corresponding aniline- and ethylaniline-salts. When rapidly heated, it is entirely 
converted into a colourless oil, which distils over. This oil contains equal equiva¬ 
lents of bromide of ethyl and ethylaniline. By this distillatipn we obtain indeed the 
very constituents from which the hydrobromate was originally prepared, and which 
would of course reconvert themselves into hydrobromate of diethylaniline. Only a 
trifling amount of undecomposed hydrobromate covers, after the distillation is finished, 
the sides of the retort in the form of a radiated coating. 

The peculiar deportment then of the hydrobromates of the ethyl-bases, and pro¬ 
bably of all their salts, allows us to remove the several equivalents of ethyl one after 
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.the other from our fabric in the same manner as we had inserted them. When first 
I became acquainted with diethylated aniline, having then already observed the de¬ 
portment of the salts of ethylaniline, which under the influence of heat are recon¬ 
verted into aniline, I indulged for a moment in the pardonable illusion, that the salt 
of diethylaniline would exhibit the metamorphosis— 

C w H |g N,HBr «C w H 7 N+C 8 H 9 Br 

Hydrobromate of Aniline. Bromide of 
Diethylaniline. Butyl. 

a mode of reaction which would have afforded a passage from the ethyl- into the butyl- 
series. This step however is reserved for a more fortunate experimenter. 


Platinum-salt of Diethylaniline . 

This salt resembles the corresponding compound of ethylaniline. On addition of a 
concentrated solution of bichloride of platinum to the hydrochlorate, it is precipi¬ 
tated in form of a deep orange-coloured oil, which rapidly solidifies into a hard cry¬ 
stalline mass. If the solutions are mixed in a dilute state, the salt is separated after 
some time in cross-like yellow crystals. It is not nearly so soluble in water and alcohol 
as the ethylaniline-salt. Analysis led to the following numbers:— 

*1. 0*1/15 grin, of platinum-salt gave 0*2125 grm.of carbonic acid and 0*0700 grin, 
of water. 

# II. 0*1848 grm. of platinum-salt gave 0*0513 gjrra. of platinum. 

III. 0*5361 grm. of platinum salt gave 0*1476 grm. of platinum. 

IV. 0*5550 grm. of platinum-salt gave 0*1533 grm. of platinum. 


Percentage- composition. 

A 

I. II. III. IV? 

Carbon. 33*78 - - - 

Hydrogen.4*53 - - - 

Platinum.. 2776 27*53 27*62 

The formula 


C» H 15 N, H Cl, Pt CI 2 


requires the following values, which I place in juxtaposition with the mean of the ex¬ 


perimental results:— 

20 equivs. of Carbon . . . 

16 equivs. of Hydrogen . . 
1 equiv. of Nitrogen . . . 

3 equivs. of Chlorine . . . 

1 equiv. of Platinum . . . 

1 equiv. of Platinum-salt. . 


Theory. 

Mean of experiments. 

r 1 1 

—A. ^ 


120*00 

33*78 

33-78 

16*00 

4-54 

4-53 

14-00 

3*91 


106*50 

29-99 


98-68 

27*78 

27-66 

355-18 

10000 



* I. and II. are of a specimen recryatallked from alcohol* 
P 


MDCCCL. 
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I have not examined any other of the salts of diethylaniline: their deportment re¬ 
sembles in every respect that of the etbylaniline-salts. 


Action of Bromide of Ethyl on Diethylaniline. 


If we assume that the series of bases, aniline, ethylaniline and diethylaniline, arise 
from the gradual elimination of the three equivalents of hydrogen in ammonia, and 
their substitution by 1 equivalent of phenyl and 2 equivalents of ethyl, it is difficult 
to imagine that bromide of ethyl should have any farther action on diethylaniline, 
this compound ammonia containing, according to this view, no longer any replaceable 
hydrogen. However, it would have been deserting the path of inductive research, if 
this point had been left unestablished by rigorous experiments. 

For this purpose diethylaniline was left in contact with bromide of ethyl for nearly 
a month, After the lapse of this time the mixture had undergone no change in its 
appearance. On treating however a portion with water, it was found that a small 
quantity of hydrobromate dissolved, from which on addition of potassa an oily base 
was separated. The quantity obtained in this manner from nearly two ounces of the 
united liquids being insufficient for a determination, I subjected a similar mixture, 
in a sealed tube, for several days to the temperature of boiling water. I was 
surprised to find that a yellow layer began to separate at the lower extremity of the 
tube, which increased gradually to a fifth of the liquid column. When allowed to 
cool, this layer solidified into a crystalline mass. On opening the tube, it was found 
that there was no pressure from within, except that exerted by the elasticity of bro¬ 
mide of ethyl. After separation of the excess of the bromide by distillation in the 
water-bath, water added to the viscid residue dissolved the crystals, while an oil 
floated upon the surface which was found to be entirely basic: it was separated by 
a distillation at a higher temperature, when it was carried over with the vapour of 
the water. The remaining liquid in the retort was found to be a solution of a hydro¬ 
bromate. It was decomposed with potassa, and the liberated base separated from the 
bromide of potassium by distillation. The two basic oils obtained in this manner, 
when dissolved in hydrochloric acid and precipitated by bichloride of platinum, gave 
rise to the formation of two splendid platinum-salts. These salts left on ignition the 
following percentage of platinum; I. being the oil which had not been in combina¬ 
tion ; II. the base which had been separated from the hydrobromate. 

I. 0*5626 grm. of platinum-salt left 0*1559 grin, of platinum. 

II. 0*5384 grm. of platinum-salt left 0*1495 grm. of platinum. 


Experimental 

' I. 
2770 


percentage of platinum, 

- .. A- 


II. 

27 76 


Theoretical percentage in diethyl- 
amline-platinum-salt. 

2776 . 


These experiments prove that the basic oil obtained on direct distillation, or by 
distilling after treatment with potassa, had not assimilated a farther equivalent of 
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the alcohol-radical; but the question arose in what manner a portion of the base bad 
been converted into hydrobromate ? It was not impossible that the bromide of ethyl, 
although it had been in contact with chloride of calcium, might nevertheless still 
have retained a portion of water, whose elements could have induced a regeneration 
of alcohol with simultaneous formation of hydrobromic acid: 

C 4 H 5 Br+2H Q= HO, C 4 H 5 Q +H Br. 

Bromide of Ethyl. Alcohol. 

I now took care that both substances, the diethylaniline and the bromide of ethyl, 
should be perfectly dry before coming into contact. For this purpose, both liquids 
were left for several days over anhydrous caustic baryta and then subjected to distil¬ 
lation. The compounds at the common temperature were found to have no action upon 
one another. In order to place them in a condition most favourable for mutual action, 
the mixture was exposed for several days in a sealed tube to the temperature of boil¬ 
ing water. On opening the tube and extracting the mixture with water, a small quan¬ 
tity of hydrobromate was found to have nevertheless been formed. The portion 
insoluble in water was dissolved in hydrochloric acid and precipitated by bichloride 
of platinum. The salt obtained in this manner could not be mistaken. It fell down 
in the form of a yellow oil, which rapidly solidified into the orange-yellow crystal¬ 
line aggregates characterizing the diethylaniline-compound. 

From these experiments, it would appear that diethylaniline is no longer capable 
of fixing another equivalent of ethyl. Still the production of the small quantity of 
hydrobromate in the last experiment indicates that the phenomenon cannot be due 
to the formation of alcohol. Farther steps are necessary for the explanation of this 
transformation. 


In aniline, ethylaniline and diethylaniline, then we have three bases, which may 
be considered as derived from ammonia by the elimination and replacement of its 
three hydrogen-equivalents. The successive formations of ethylaniline and diethyl¬ 
aniline from aniline have been detailed in the preceding paragraphs; the passage of 
ammonia into aniline, when exposed to the action of a phenyl-compound, has been 
proved at an earlier period by some experiments, made jointly by M. Laurent and 
myself, upon the action, at a high temperature, of hydrated oxide of phenyl on am¬ 
monia. In this reaction a small but unequivocal quantity of aniline is formed. 

The formation of aniline, ethylaniline and diethylaniline, appeared to have esta¬ 
blished in a sufficiently satisfactory manner, the point of theory which is here in 
question; still I thought desirable the acquisition of additional facts in support of 
the position to which this inquiry has conducted me. Thus I have been led to study 
the action of bromide of ethyl upon several of the derivatives of aniline, and to try 
whether other alcohol-radicals, such as methyl and amyl, would have a similar 

p 2 
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action; lastly, in order to complete the investigation, I was obliged to leave tbe 
amidogen-bases altogether in order to submit the typical ammonia itself to examina¬ 
tion. 

Among the bases derived from aniline, there is a class whose deportment with 
bromide of ethyl appeared to be more particularly worthy of a careful investigation. 
This is the group of compounds produced from aniline by substitution, and embracing 
chloraniline, dichloraniline and trichioraniline, the corresponding bromanilines, iodani- 
line and nitraniline. Tbe question arose in what manner will these substances, in 
which the original aniline has lost already a certain quantity of its hydrogen, com¬ 
port themselves under the influence of bromide of ethyl? The answer afforded by ex¬ 
periment was unequivocal and in perfect accordance with the result anticipated by 
theory, although it may here at once be stated, that the difficulty of obtaining the 
compounds in question in sufficient quantity has prevented me from pursuing this 
part of the investigation as far as I could have wished. 

Action of Bromide of Ethyl upon Chloraniline. 

A solution of chloraniline in dry bromide of ethyl exhibits no apparent change 
even after several days’ exposure to the temperature of boiling water. Ou adding 
however water and distilling off the excess of bromide of ethyl, it was found that tbe 
chloraniline had been converted into a hydrobromate, which was held in solution, 
scarcely a trace of uncombined base being left. Addition of potassa to the solution 
of the hydrobromate separated at once a yellow oily base, of a very characteristic 
aniseed-odour, differing from chloraniline in many respects. It remained liquid 
even at the temperature of a cold winter day, while chloraniline is distinguished by 
the facility with which it crystallizes. Its salts are much more soluble than the 
corresponding chloraniline-salts: I have only seen the sulphate and oxalate in a 
crystallized state. This liquid base is evidently ethylochloraniline— 



I am sorry that I have not been able to verify this formula by direct analysis. The 
amount of substance at my disposal precluded the idea of submitting it to the pro¬ 
cesses of purification necessary before combustion. I had hoped to fix its composi¬ 
tion by the determination of the platinum in the platinum-salt. Unfortunately this 
salt separated in the form of a yellow oil, which could not by any means be made to 
crystallize. Obliged to desist from direct analysis, I endeavoured to gain tbe requisite 
data by another mode of proceeding. 

Action of Bromide of Ethyl upon Ethylochloraniline. 

Recollecting that in almost all the instances which I have examined, the tendency 
exhibited by the various bases of producing readily crystallizable platinum-salts 
increased with tbe degree of their ethylation, I subjected tbe whole amount of the 
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still hypothetical ethylochloraniline, after having dried it by a current of hot air, to 
the action of a considerable excess of bromide of ethyl. After two days* exposure to 
100° the mixture was found to contain a hydrobromate in solution, not a trace of free 
base being left. There was no doubt that a second equivalent of ethyl had been 
assimilated. On decomposing the hydrobromate with potassa, an oil separated re¬ 
sembling, in its appearance and also in its odour, the preceding compound. An 
attempt to purify the ethylochloraniline from the potassa by distillation with water 
having failed, on account of the high boiling-point of this substance, the purification 
of the diethylochloraniline, for as such the new compound was to be considered, was 
at once effected with ether. The ethereal solution of the oil was carefully washed 
with water to remove adhering potassa, and evaporated: the yellow oil remaining 
after this treatment was dissolved in hydrochloric acid, and the solution mixed with 
bichloride of platinum. Immediately a splendid orange-yellow crystalline precipitate 
was separated, which after washing with water was fit for analysis. This salt fused 
at 100°. 

In the analysis a small quantity of platinum was lost. 

0-2376 grm. of platinum-salt gave 0*0583 grin, of platinum. 

The formula 

H u Cl N, H Cl, Pt Cl 2 , 


requires the following values:— 

Theory. Experiment. 


1 equiv. of Diethylochloraniline 

183*50 

47*09 

1 equiv. of Hydrochloric acid . . 

36*50 

9*37 

2 equivs. of Chlorine. 

71-00 

18'22 

1 equiv. of Platinum. 

98*68 

25*32 

1 equiv. of Platinum-salt . . . 

389-68 

10000 


The result, although somewhat below theory, shows that chloraniline, when subjected 
to the action of bromide of ethyl, exhibits absolutely the same deportment as aniline 
itself, two equivalents of ethyl being consecutively introduced which give rise to 
the formation of two new terms, which demand the names ethylochloraniline (ethy- 
lochloropbenylamine) and diethylochloraniline (diethylochiorophenylamine). 


Action op Bromide of Ethyl upon Bromaniline. 

The absolute analogy existing between chloraniline and bromaniline, to which 1 
have alluded in a former paper*, is maintained also in the deportment of these two 
substances towards bromide of ethyl. Bromaniline is rapidly converted into hydro¬ 
bromate of ethylobromaniline which could not, except by analysis, be distinguished 
from the corresponding chlorine-base. The platinum-salt being likewise a viscid oil, 


* Chem. Soc. Mem. ii. 291. 
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1 have omitted to analyse it. There is however no doubt about the existence of an 
ethylobromaniline, 

C 16 H 10 Br N. 

I have not attempted to ethylate this compound any farther. 

Action op Bromide of Ethyl upon Nitraniline. 

EthyUm itraniline ( Ethylonitrophenylamine ). 

Nitraniline readily dissolves in bromide of ethyl. The solution soon deposits, even 
at the common temperature, pale-yellow crystals of considerable size. At the boiling 
temperature of water the conversion is rapidly accomplished. On addition of an 
alkali to the hydrobromate, the etbylonitraniline separates as a brown oily mass, which 
solidifies after some time with crystalline structure. In this substance, as well as in 
the other ethylated bases, the properties of the mother-compound are only slightly 
modified. Thus we find in the base ethylonitraniline still the yellow colour of nitra¬ 
niline, which it readily imparts to the skin, but which it loses altogether in its salts. 
These salts are as easily soluble in water as the corresponding nitraniline-compounds, 
if not even more so, and possess the same peculiar sweetish taste; they all crystallize 
however on evaporating their solutions nearly to dryness. Ethylonitraniline dissolves 
readily in ether and alcohol, less so in boiling water; from a solution in the latter 
the base is deposited in stellated groups of yellow crystals, which are readily distin¬ 
guished from the felted mass of long needles, separated on cooling from an aqueous 
solution of nitraniline. 

I have fixed the composition of ethylonitraniline by a single number, namely, by 
the determination of the metal in the platinum double salt. This compound is pre¬ 
pared by adding bichloride of platinum to a very concentrated solution of the hydro¬ 
chlorate; this must not contain much free acid, in which the salt would redissolve. 
After a short time pale-yellow scales are separated, which have to be washed with 
cold water. The small quantity of substance at my disposal may excuse the slight 
deficiency in the amount of platinum. 

0*1544 grm. of ethylonitraniline gave 0*0405 grin, of platinum. 

This percentage agrees with the formula 

C 16 H 10 N 2 O 4 ,IICl, Pt Cl 2 , 
as will be seen from the following comparison:— 


Theory. Experiment. 


1 equiv. of Ethylonitraniline . 

Woo 

44-60 

— 

1 equiv. of Hydrochloric acid 

36*50 

9-80 


2 equivs. of Chlorine . . . 

7i-oo 

1909 

— 

1 equiv. of Platinum . . . 

98-68 

26-61 

26*23 

1 equiv. of Platinum-salt . . 

372 18 

100 00 
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The aitraniline-salt contains 28*66 per cent of platinum. I have not prepared a 
diethylonitraniline. 

The deportment of chloraniline, bromaniline and nitraniiine with bromide of ethyl, 
appears to throw much light upon the constitution of these substitution-bases. The 
possibility of introducing into these substances two equivalents of ethyl, shows that 
they must contain the same amount of basic hydrogen (an expression by which I may 
be allowed to represent briefly the hydrogen of the ammonia-skeleton) as aniline 
itself, and hence it is evident that it was the hydrogen of the phenyl which was re¬ 
placed by chlorine, bromine and hyponitric acid in the transformation of aniline 
into its chlorinated, brominated, &c. relatives. 

This transformation is due to a secondary substitution affecting the hydrogen in 
the radical, which replaced the original ammonia-hydrogen; and the constitution of 
the substances in question may hence be graphically represented by the following 
formulae:— 



H i 

1 

H ^ 


H 

Chloraniline . i 

H 

>N. Bromaniline.i 

H 

N. Nitraniiine .. 

H 


NS 


i°"C) 


M“o)j 


H 

i 

H 


H 

Ethylochloraniline... 

C. H s 
✓H \ 

N. Ethylobromaniline | 

C, H s 

.N. Ethylonitraniline J 



c "(<a). 


MS 

I 

0,3 (no.) 


c. h 4 





Diethylochloraniline ■ 

C 4 H, 

/U \ 

-N. 





C,a (ci) 






-N. 


N. 


This mode of viewing their constitution is in perfect harmony with the facts at pre¬ 
sent in our possession, both as regards the deportment of the substitution-anilines, 
and the substances similarly derived from hydrated oxide of phenyl. Experiment 
has shown that in aniline 1, 2 or 3 equivalents of hydrogen may be replaced by 
chlorine, bromine, and probably also by the elements of hyponitric acid*. In these 
substances their basic properties gradually diminish with the successive insertions 


* At the present moment we have only nitraniiine, but it is scarcely to be doubted that we shall soon be¬ 
come acquainted with the nitro-term corresponding to dichloraniline and trichloraniline. Recent researches 
of M. Cahoues (Ann. Ch. Phys. sdr. xxvii. 439) on the derivatives of anisole have pointed out the first alka¬ 
loid containing 2 equivs. of hyponitric acid. 

Anisidine . C , 4 H„ N 0 9 . 

Nitraniaidine ...C w | ^ N O*. 

Dinitranisidine C l4 { | N 0 8 . 

In this series only the trinitranisidine C l4 j | N O a is wanting. 
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of chlorine or bromine into the compound. Bromaniline still retains a strongly 
alkaloidal character which in dibromaniline is so far impaired that by simple ebulli¬ 
tion it is separated from its aqueous saline solutions; tribromaniline, lastly, is a per¬ 
fectly indifferent compound. Now if we recollect that in monobrominated and dibro- 
minated phenole (obtained by M. Cahours, by distilling respectively, bromosalicylic 
and dibromosaiicylic acid), the original character of hydrated oxide of phenyl is 
gradually altered and becomes in tribromophenole (broraophenisic acid of M. Lau¬ 
rent) powerfully acid, we cannot be surprised to find that the gradual development 
of electronegative properties in the radical should affect the nature of a basic system 
in which it replaces hydrogen. We have two parallel groups of bodies, the chemical 
character of which is differently affected by the modification induced in the radical, 
existing in both, by the assimilation of bromine. 


Hydrated protoxide) 

of phenyl.j HO > c >» 


H, O, slightly acid. 


Bromophenole 


HO, Cj«<] O, more so. 
(BrJ 


Phenylamine 



Bromophenyl&mine 



H 

H 

J 


H 

H 



N, powerfully 
basic. 


N, less so. 


Dibromophenole 


HO, C ia 



O, more so. 


Tribromophenole "| fH # *| 

Bromophenisic acid J 1 19 [Br 3 J 


O, powerfully acid. 


Dibromophenylamine 


Tribromopbenylamine 



N, lesB so. 


■N, neutral. 


Tribromophenylamine (tribromaniline) is a compound differing in its nature in no 
way from oxamide. Both these substances are ammonia, whose basic character has 
been counterbalanced by the insertion of a powerfully electronegative radical in 
the place of one of the hydrogen-equivalents. These two substances, when subjected 
to the influence of strong acids, comport themselves in exactly the same manner; 
they both reproduce ammonia, the one with formation of tribromophenisic, the other 
of oxalic acid. 

The paragraphs now following are devoted to a brief account of the baseB derived 
from aniline by the insertion of methyl and amyl. I have not however followed out 
the examination of these substances to the same extent, the principle having been in 
fact sufficiently established by the formation of the ethyl bodies. 
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Action of Bromide and Iodide of Methyl upon Aniline. 


Methylaniline (Methylopheny famine). 

The deportment of aniline with bromide of methyl resembles its behaviour with 
the ethyl-compound. The mixture rapidly solidifies into a crystalline mass of 
hydrobromate of methylaniline. Bromide of methyl being extremely volatile, I have 
used also the iodide, which boils at a more convenient temperature. The action of 
the latter compound upon aniline is very remarkable, the evolution of heat, on mixing 
the two substances, being so great, that the liquid enters into violent ebullition, so 
that unless the substances be mixed gradually, the crystalline hydriodate, which is 
formed immediately, is actually thrown out of the vessel. 

Methylaniline, when separated from the hydrobromate or hydriodate, appears as a 
transparent oil of a peculiar odour, somewhat different from that of aniline, and boiling 
at 192°; it has retained the properties of aniline in a higher degree than the ethylated 
compound. This substance yields still the blue coloration with hypochlorite of 
lime, although in a less degree than aniline. Its salts are less soluble than those of 
ethylaniline; they are at once formed in the crystalline state on addition of the re¬ 
spective acids; the oxalate crystallizes very easily, but is rapidly decomposed with 
reproduction of aniline, and probably with formation of oxalate of methyl*. 

The composition of methylaniline is represented by the expression 


C u H 9 N=C 12 [ c “^jN=jc 2 H 3 ]n. 

ICj» H 5 J 


I have established this formula by the analysis of the platinum-salt. This is pre¬ 
cipitated as a transparent oil, which rapidly changes into pale-yellow crystalline tufts, 
resembling the corresponding aniline-salt, but liable to rapid decomposition. The 
washing must be quickly done, for the salt is extremely soluble in water, and must 
be immediately followed by desiccation. Even when very carefully prepared, it has 
become dark by the time it is ready for combustion. It turns instantaneously black 
if an alcoholic solution of the hydrochlorate be employed for its preparation. 

Analysis I. refers to a salt obtained with the base prepared by means of the bro¬ 
mide ; for analysis II. the base had been formed by the iodide. The specimen ana¬ 
lysed under III. again had been obtained with the bromide, but it was in an advanced 
state of decomposition, and had in consequence become perfectly black. 

I. 0*1018 grm. of platinum-salt gave 0*0319 grro. of platinum. 

II. 0*2467 grm. of platinum-salt gave 0*0784 grm. of platinum. 

III. 0*2065 grm. of platinum-salt gave 0*0660 grm. of platinum. 


* The aniline thus reproduced was identified by the analysis of the platinum-compound. 

0*7910 grm. of platinum-salt gave 0*2615 grm. of platinum. 

Experimental. Theoretical percentage of platinum in aniline-platinum-salt. 
33*05 32*98 


MDCCCL* 


Q 
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Percentage of platinum. 


f I. 

II. 

III. ’ 


3133 

3178 

31-96. 


The formula 




Cm H 9 

N, H Cl, Pt Clj 


requires the following values:— 





Theory. 

A_ 

Mean of I. and II. 

1 equiv. of Methylaniline . 

. 107-00 

34-16 

— 

1 equiv. of Hydrochloric acid. 36 50 

11-66 

— 

2 equivs. of Chlorine . . 

. 71-00 

22-67 

— 

1 equiv. of Platinum . . . 

. 98-68 

31-52 

31*55 

1 equiv. of Platinum-salt . 

. 313-18 

100-00 



I have not attempted to form a dimetbylaniline. 


Action of Iodide of Methyl upon Ethylaniune. 

Methylethylaniline (Methyletkylopheny famine). 

I have established the existence of this compound merely by qualitative experi¬ 
ments. The mixture of ethylaniline and iodide of methyl begins to crystallize after 
two days’ exposure to the temperature of boiling water. Methylethylaniline resembles 
the preceding base in its odour, but has no longer any action upon hypochlorite of 
lime. I had not prepared a sufficient quantity of the compound for a determination 
of the boiling-point. The salts of this base are extremely soluble. With the excep¬ 
tion of the hydrobromate, I have not been able to obtain a single one in crystals. 
Even the platinum-salt is not to be obtained in the crystalline form; it is extremely 
soluble, and separates, if very concentrated solutions be employed, as a yellow oil, 
which does not solidify even after lengthened exposure to the air. This circumstance 
has prevented me from fixing the composition of methylethylaniline by a number. 

It cannot however be doubted that it is represented by the formula— 


l 

« 5 ] 

-N=. 

rc 2 h 3 

c 18 h 13 n=cJ 

C 2 H 3 

C 4 n 5 - 

1 

Lc 4 h 5 J 


.Cj2 Hj. 


This compound presents a certain degree of interest, inasmuch as the 3 equivs. of 
hydrogen in the ammonia are replaced by three different radicals, namely by methyl, 
ethyl and phenyl. I have prepared however a similar compound containing, instead 
of methyl, amyl, whose properties permitted an easier analysis. 
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Action of Bromide of Amyl upon Aniline. 

Amylaniline (Amy lopheny famine). 

A mixture of aniline and an excess of bromide of amyl, when left in contact at 
the common temperature for some days, deposits magnificent crystals of hydrobro- 
mate of aniline. Never have I obtained this salt in larger and more definite crystals; 
although I have seen it deposited of late from a good many solutions. The mother- 
liquor of this salt is a mixture of amylaniline and bromide of amyl. If aniline be 
heated in the water-bath with a very large excess of bromide of amyl, the whole is 
converted into hydrobromate of amylaniline, which remains dissolved in the excess of 
bromide. 

When prepared without the co-operation of heat, the amylaniline may be purified 
simply by separating the crystals of the aniline-salt and distilling the remaining mix¬ 
ture, when the bromide of amyl passes over long before the amyl-base begins to vola¬ 
tilize. If the base has been produced by heating the mixture, it is necessary, after 
the excess of bromide has been removed, to distil the hydrobromate with potassa. 
On submitting the base, purified in the usual manner, to combustion, the following 
numbers were obtained:— 

(>•2/60 grm. of oil gave 0-8161 grm. of carbonic acid, and 0-2560 grra. of water. 

This analysis leads to the formula— 



as may be seen from a juxtaposition of the theoretical and experimental values. 




Theory. 

-A _ 

Experiment. 

22 equivs. of Carbon . . . 

. . . 132 

80-98 

80*64 

17 equivs. of Hydrogen . . 

. . . 17 

10-42 

10-30 

1 equiv. of Nitrogen . . . 

. . . 14 

8*60 


1 equiv. of Amylaniline . . 

. . . 163 

100*00 



Amylaniline is a colourless liquid, possessing all the family-features of the group. 
It is distinguished, at the common temperature, by a very agreeable, somewhat rose¬ 
like odour, rather an unusual property for an amyl-compound ; however, it does not 
deny its origin, for on heating the base the disgusting odour of the fusel-alcohol 
appears but slightly modified. Amylaniline boils constantly at 258°, or 54=3 x 18® 
higher than ethylaniline. This boiling-point is characteristic, inasmuch as the ele¬ 
mentary group amyl raises the boiling-point of aniline 44° higher than does the in¬ 
sertion of two equivalents of ethyl, whose weight is not very inferior to that of the 
single amyl-equivalent. 

The amyl-base forms beautiful rather insoluble salts with hydrochloric, hydro- 

Q 2 
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bromic and oxalic acids; when heated with water, they form an oily layer on the sur¬ 
face, and crystallize only slowly on cooling: they have the peculiar fatty appearance 
which characterizes the crystalline amyl-compounds. The platinum-salt is precipi¬ 
tated as a yellow mass of an unctuous consistence; it crystallizes but very slowly, 
and usually not before partial decomposition has set in. It is on this account that I 
have not made an analysis of this compound. 

Action of Bromide of Amvl upon Amylaniline. 

Diamylaniline ( Diamylopkenylamine ). 

A mixture of amylaniline and bromide of amyl solidifies after two days’ exposure 
to the temperature of the water-bath. The new basic compound, when separated and 
purified in the usual manner, resembles the preceding base, especially with respect to 
odour. Its salts are so insoluble in water that at the first glance one is almost in¬ 
clined to doubt the basicity of the substance, inasmuch as the oil appears to be per¬ 
fectly insoluble in dilute hydrochloric and sulphuric acids. However, the oily drops 
floating in the acid solution are the salts themselves, which gradually solidify into 
splendid crystalline masses, having likewise the fatty appearance of amyl-substances. 
The composition of diamylaniline is represented by the expression— 

f H 3 1 fC 10 H U 1 

C 32 H a N=CJ C 10 H u ^N = \ C 10 H n N. 

lC 10 H n J IC M H 5 J 

I have established this formula by the analysis of the platinum-compound, which is 
precipitated as an oily mass, rapidly solidifying into a brick-red crystalline substance. 
If an alcoholic solution of the hydrochlorate be employed, it is immediately obtained 
in the crystalline state. When exposed to the heat of the water-bath this salt fuses, 
without however undergoing any decomposition. 

On analysis the following results were obtained :— 

I. 0*3015 grm. of platinum-salt gave 0*4820 grm. of carbonic acid, and 0-1765 grin, 
of water. 

II. 0*2550 grm. of platinnm-salt gave 0*0572 grm. of platinum. 

III. 0*4750 grm. of platinum-salt gave 0*1061 grm. of platinum. 

Percentage. 



Carbon. 43*60 - - 

Hydrogen.6*50 - - 

Platinum.. 22*43 22*34 

The formula 

C 32 H 27 N,HCl,PtCl 2 
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requires the following values:— 

< 

32 equivs. of Carbdn . , 
28 equivs. of Hydrogen 
1 equiv. of Nitrogen . 

3 equivs. of Chlorine . , 
1 equiv. of Platinum . . 

1 equiv. of Platinum-salt 


Theory. 

Experiment. 

-v 

192*00 

43 - 71 ' 

43*60 

2800 

6-37 

6*50 

14-00 

3-19 

— 

106-50 

24-25 

— 

98-68 

22-47 

22*38 

439*18 

100*00 



DiamylanUine boils between 275° and 280°: the small scale upon which I had to 
work prevented me from determining it more accurately. It is interesting to see bow 
very little the boiling-point is raised by the introduction of the second equivalent of 
amyl, when compared with the effect produced by the insertion of the first. The 
same remark applies to the ethylanilines. 


Action of Bromide of Ethyl upon Amylaniline and of Bromide of Amyl 

upon Ethylaniline. 


Amylethylaniline ( Amylethylophenylamine ). 


It remained now only to analyse a basic compound in which the three equivalents 
of the ammonia-hydrogen should be replaced by three different radicals. I found in 
amylethylaniline a substance similar in composition to methyletbylaniline, but which 
by its properties admitted of a rigorous analytical examination. 

Amylethylaniline is formed without difficulty by the action of bromide of ethyl 
upon amylaniline. The mixture having been exposed to the heat of the water-bath, 
the conversion was found to be complete after two days. When purified in the usual 
way, amylethylaniline forms a colourless oil, boiling at 262°, only 4° higher than the 
amyl-base. The properties of this substance are analogous to those of the other 
bases. It forms a beautiful crystalline hydrochlorate and hydrobromate; the pla¬ 
tinum-salt is precipitated in form of a light orange-yellow pasty mass, which rapidly 
crystallizes. This salt fuses at 100°. By analysis of the platinum-compound I was 
enabled to fix without difficulty the composition of the base, which is represented by 
the formula 


r H * I 


fC 4 H 5 "I 

CaHaNsCJc* H 5 

•N = ■ 

C 10 H n 

[C 10 H n J 


Ic 12 hJ 


■N. 


I. 0*2893 grm. of platinum-salt gave 0*4137 grm. of carbonic acid, and 0* 1495 grin, 
of water. 

II. 0*2647 grm. of platinum-salt gave 0*0652 grm. of platinum. 

III. 0*2510 grm. of platinum-salt gave 0*0619 grm. of platinum. 
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Percentage-composition. 



' I. 

II. 

III. 

Carbon .... 

. 3900 

— 


Hydrogen . . . 

. . 570 

— 

— 

Platinum . . . 

• . - 

24-63 

24-66 

The formula 




0* 

H 2 j N, H Cl, Pt Cl 2 


requires the following values:— 





Theory. 

_A___ 

Experiment. 

26 equivs. of Carbon . 

. . . 'l56-00 

39-27 

3900 

22 equivs. of Hydrogen 

. . . 22 00 

5*54 

570 

1 equiv. of Nitrogen . 

. . . 14*00 

3-53 

— 

3 equivs. of Chlorine . 

. . . 106-50 

26-81 

— 

1 equiv. of Platinum . 

. . . 98*68 

24-84 

24*64 

1 equiv. of Platinum-salt 

. . . 397-18 

100-00 



A substance of exactly the same composition as amylethylaniline may be obtained 
by the action of bromide of amyl upon ethylaniline. I was led to prepare this com¬ 
pound by some ideas which had suggested themselves in a perfectly different line of 
experiments. I wished to ascertain whether the several hydrogen-equivalents in am¬ 
monia were of the same value, if I may use this expression, or in other words, whe¬ 
ther it was indifferent which of the three equivalents was replaced by a given radical. 
Supposing that in ammonia 

a H") 
b H >N, 
cHJ 

it is the a hydrogen which is replaced by phenyl, the question arose whether the 
same substance would be formed, for instance, by substituting amyl and ethyl, either 
for b and c, or for c and b. 

I have carefully compared the properties of amylethylaniline, by which name I de¬ 
signate the compound produced by the action of bromide of ethyl upon atnylaniline 
with those of ethylamylaniline obtained by acting with bromide of amyl upon etbyl- 
aniline, and find that these substances comport themselves in every respect perfectly 
alike. 

A last and decisive argument was hoped to be gained from the deportment of the 
salts of these bases, when subjected to the influence of heat. For this purpose the 
hydrobromates were prepared. When distilled, both these salts were split into bro¬ 
mide of amyl and ethylaniline; I hence assume that the action of bromide of ethyl 
upon amylaniline, and that of bromide of amyl upon ethylaniline, give rise to the 
formation of exactly the same basic compound. 
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Action of Bkomidb of Ethyl upon Ammonia. 

After the termination of the experiments which have been detailed in the preceding 
pages, there remained no doubt in my mind respecting the deportment which ammo¬ 
nia itself would exhibit when subjected in a similar manner to the influence of bromide 
of ethyl. I had a right to expect in this reaction the consecutive formation of three 
alkaloids, differing from ammonia by containing respectively one, two or the three 
equivalents of hydrogen replaced by ethyl. 

Experiment has realized this expectation in a very satisfactory manner. I intend 
to give here only an outline of the process employed, and a short description of the 
substances obtained, together with some characteristic numbers, fixing beyond a 
doubt the composition of the new bases formed under these circumstances. I hope 
that I shall soon be able to communicate a more detailed account of these com¬ 
pounds, as well as of the bases belonging to the methyl- and amyl-series. 

Formation of Ethylamine ( Ethylammonia ). 

Bromide of ethyl acts very slowly on an aqueous solution of ammouia in the cold. 
Action however takes place; after the lapse of a week or ten days the solution con¬ 
tains a considerable quantity of a hydrobromate in solution. This hydrobromate is 
a mixture of the salts of ammonia and ethylamine, the base discovered by M. Wurtz 
on decomposing cyanate of ethyl with potassa. The presence of this compound may 
be readily proved by evaporating the liquid, after the separation of the excess of 
bromide of ethyl, to dryness in the water-bath, in order to drive off alcohol which 
might have possibly been formed. On adding potassa-solution to the solid residue, 
an alkaline gas is at once evolved, which burns with the pale-blue flame of ethyl- 
amine. 

If an alcoholic solution of ammonia be substituted for the aqueous liquid, the de¬ 
composition proceeds more rapidly. After twenty-four hours a copious crystalline 
precipitate of bromide of ammonium has been deposited. The mother-liquor con¬ 
tains hydrobromate of ethylamine and the base in the free state. 

The action of bromide of ethyl upon ammonia may be considerably accelerated by 
raising the temperature to the boiling-point of water. I found it convenient to in¬ 
troduce a concentrated solution of ammonia, with an excess of bromide of ethyl, into 
pieces of combustion-tube 2 feet in length. These tubes, after having been care¬ 
fully sealed before the blowpipe, were immersed to the height of about half a foot 
into boiling water. The bromide of ethyl enters at once into lively ebullition, rises 
through the supernatant layer of ammonia, condenses in the upper part of the tube, 
which is cold, and falls down to commence again the same circulation. During 
this process the bromide of ethyl diminishes rapidly in volume. The reaction may 
be considered terminated as soon as a quarter of an hour’s ebullition ceases to effect 
a considerable change in the bulk of the bromide. On opening the tube, the solution 
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is found to be either neutral or even of an acid reaction, and to contain hydrobro- 
mate of ethylamine, which may be separated, by distillation with potassa, with all the 
properties enumerated by M. Wurtz. I have not to add a single word to the accurate 
description of this distinguished chemist, and will here only give the analysis of a 
platinum-salt prepared with ethylamine which had been obtained by this process:— 
0-2521 grm. of platinum-salt gave 0-0992 grm. of platinum. 


The formula 

C 4 H 7 N,HC1, PtCl a 


requires the following values:— 


Theory. 


Experiment. 


1 equiv. of Ethylamine . . 

. 45-00 

17*91 

— 

1 equiv. of Hydrochloric acid 

. 36-50 

14-55 

— 

2 equivs. of Chlorine . . . 

. 70-00 

2824 


1 equiv. of Platinum . . . 

. 98-68 

39-30 

39*34 

1 equiv. of Platinum-salt . . 

. 260*18 

100*00 



The production of ethylamine in this reaction is absolutely analogous to that of 
ethylaniline; it is represented by the equation 

H 3 N+C 4 H 5 Br=C 4 H 7 N, HBr. 


Formation of Diethylamine ( Diethylammonia ). 

On treating an aqueous solution of ethylamine in the same manner with an excess 
of bromide of ethyl, phenomena of a perfectly analogous character are observed. The 
reaction however proceeds more rapidly and is terminated after a few hours’ ebulli¬ 
tion. The aqueous layer, which assumes a bright yellow colour, deposits acicular 
crystals on cooling, consisting of the hydrobromate of a new base, for which I pro¬ 
pose the name diethylamine or diethylammonia. This base may be readily separated 
by distillation with potassa, when it passes over in form of a very volatile and in¬ 
flammable liquid, which is still extremely soluble in water and of a powerful alkaline 
reaction. When dissolved in hydrochloric acid and mixed with a concentrated solu¬ 
tion of bichloride of platinum, it yields a very soluble platinum-salt, which crystallizes 
in orange-red grains, very different from the orange-yellow leaves of the correspond¬ 
ing etbylaminesalt. 

The analysis of this platinum-salt shows that diethylamine may be viewed as 
ammonia, in which 2 equivs. of hydrogen are replaced by 2 of ethyl. 

0*2250 grm. of platinum-salt gave 0*1430 grm. of carbonic acid, and 0*0890 grm. 
of water. 

0*3413 grm. of platinum-salt gave 0*1210 grm. of platinum. 

These numbers agree exactly with the formula 

C 8 H u N, HC^PtCl* 
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which requires the following values:— 



Theory. 

Experiment. 

8 equivs. of Carbon .... 

' 48 00 

1719 

17-33 

12 equivs. of Hydrogen . . . 

12-00 

4-30 

4*39 

1 equiv. of Nitrogen .... 

1400 

5-03 

— 

3 equivs. of Chlorine .... 

106-50 

3814 

— 

1 equiv. of Platinum .... 

98-68 

35-34 

35*45 

1 equiv. of Platinum-salt. . . 

279*18 

100*00 



The preceding analyses establish the composition of diethylamine, which is repre¬ 
sented by the formula 

C 8 H u N = jc 4 H 5 )n. 

lc 4 h 5 J 

Formation of Triethylamine ( Triethylammonia :). 

This arises from diethylamine in the same manner as the latter from ethylamine: 
however unlike the deportment observed in the formation of diethylaniline, the ra¬ 
pidity of the action increases with the progress of the ethylation. A mixture of a con¬ 
centrated solution of diethylamine with bromide of ethyl solidifies after a very short 
ebullition into a mass of beautiful fibrous crystals, sometimes of several inches in 
length, being the hydrobromate of a new base, for which I propose the name of tri- 
etbylamine or triethylammonia. This alkaloid may be readily separated by distilla¬ 
tion with potassa, when it presents itself in the form of a light, colourless, powerfully 
alkaline liquid, still very volatile and inflammable, and also pretty soluble in water, 
but in a less degree than diethylamine. 

To fix the composition of triethylamine, the platinum-salt was subjected to analysis. 
This is one of the finest salts which I have ever seen. It is extremely soluble in 
water, and crystallizes on the cooling of concentrated solutions in magnificent orange- 
red rhombic crystals, which are obtained of perfect regularity and of very consider¬ 
able size (half an inch in diameter), even if very limited quantities of solution be em¬ 
ployed. The analysis of this salt, which slightly fused at 100°, shows that trietbyl- 
amine may be considered as ammonia, in which the 3 equivs. of hydrogen are replaced 
by 3 of ethyl. 

I. 0 5950 grm. of platinum-salt gave 0*5110 grra. of carbonic acid, and 0-2800 grm. 
of water. 

II. 0*1860 grm. of platinum-salt gave 0*0595 grm. of platinum. 

III. 0*5230 grm. of platinum-salt gave 0*1679 grm. of platinum. 


MDCCCL. 


R 
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Percentage-composition. 



' I. 

II. 

III.' 

Carbon. 

. 23*42 

— 

— 

Hydrogen .... 

. 5*22 

— 

— 

Platinum .... 

. - 

31*99 

32*10 

The formula 

C 12 H 

l5 N, H Cl, Pt Cl 2 


requires the following values:— 


Theory. 

.a_ 

Experiment. 

12 equivs. of Carbon . . 

. . ' 72*00 

23*43 

23*42 

16 equivs. of Hydrogen . 

. . 1600 

5*20 

5*22 

1 equiv. of Nitrogen . . 

. . 14*00 

4*54 


3 equivs. of Chlorine . . 

. . 106*50 

34*71 


1 equiv. of Platinum • . 

. . 98*68 

32* 12 

3204 

1 equiv. of Platinum-salt 

. . 307*18 

100*00 



These numbers are sufficient to establish beyond a doubt the formula 

f C4 H 5 1 

c i2 h 15 n=Jc 4 h 5 In, 
lc 4 hJ 

as representing the compound in question. 

Although not inclined to expect a farther action of bromide of ethyl upon triethyl- 
amine, after the experiments performed with diethylaniline, but hoping to obtain 
in this series more definite results than the latter had yielded, 1 thought it important 
to appeal once more to experiment. A mixture of an aqueous solution of triethyl- 
amine and bromide of ethyl, sealed for this purpose into a tube, solidified after two 
hours’ ebullition. The crystals formed in this reaction had the fibrous aspect of the 
bydrobromate of triethylamine; still among the transparent prisms some white opake 
granular crystals were observed. To gain more positive information, the excess of 
bromide of ethyl was volatilized and the residue distilled with potassa. The base 
obtained in this manner, converted into a platinum-salt and submitted in this form to 
analysis— 

0*1040 grm. of platinum-salt left 0*0334 grm. of platinum. 

Experimental percentage. Theoretical percentage in the platmum-aalt 

of triethylamine. 

32*11 32*11 

Accordingly, the base which had distilled over, had evidently not been affected any 
farther by the influence of bromide of ethyl. The appearance however of the opake 
crystals indicates that a second compound is formed, whose careful study is necessary 
for the elucidation of this reaction. I am at present engaged with this part of the 
inquiry. 
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The action thou of bromide of ethyl upon ammonia gives rise to the formation of 
the following series of compounds:— 


Ammonia . . . 


Etbylamine 

(Ethylammonia) 


H, N= 


C 4 H, N= 


' H 1 

H 
. H 

H 

H 

c 4 h^ 


N. 


•N. 


Diethylamine 

(Diethylammonia) 



Triethylamine 

(Trietbylammonia) 


fC 4 H 5 1 

Cj2 Hj 5 N=-| C 4 H 5 J-N. 

lc 4 h 5 J 


It cannot be doubted for a moment that the same compounds will be obtained in 
the methyl- and amyl-series, the first terms in each of these series having been actu¬ 
ally prepared by M. Wurtz. Nor is it improbable that arsenietted and phosphoretted 
hydrogen, which, as is well known, imitate to a certain extent the habits of ammonia, 
when subjected to the action of the chlorides, bromides or iodides of the alcohol- 
radicals, will yield a series of arsenietted or phosphoretted bases, corresponding to 
the three classes observed with nitrogen. The highly remarkable bodies discovered 
by M. Paul Thenard appear to warrant this expectation as far as the phosphorus- 
series is concerned, his compound 

c 6 h 9 p 

corresponding evidently in the phosphoretted methyl-series to triethylamine. I mean 
to extend these researches to the action of the bromides of the alcohol-radicals on 
phosphoretted and arsenietted hydrogen. 

In the preceding pages, I have only endeavoured to establish the composition and 
the principal physical characters of the new compounds which form the subject of 
this investigation. To complete their history, it will be necessary to submit to a care¬ 
ful examination their deportment under the influence of the ordinary decomposing 
agents, and also their behaviour with other organic substances. The study of the 
imidogen- and nitrile-bases, to use this convenient though only provisional designa¬ 
tion, will require particular attention, the character of the amidogen-bases being 
already pretty well established by the numerous researches respecting aniline, which 
have been performed within the last few years. We cannot but expect, that, although 
the general character of all these substances is very nearly the same, their special pro¬ 
perties must present considerable diversity, which may be clearly defined by, and 
even anticipated from, the theoretical conception of their constitution, as deduced 
from the present investigation. Though fully aware of the dangers threatening the 

r 2 
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inquirer as soon as he steps beyond the interpretation of well-established facts, it is 
difficult to resist the temptation of indulging even now in some speculations on the 
probable deportment of these alkaloids. In a former paper* I have pointed out that 
the methods which convert the ammonia-salts into nitriles, fail to produce a similar 
effect upon the salts of aniline, while experiment has shown that these salts are capable 
of producing compounds analogous to the amides, to the amidogen-acids and to the 
insides. This result is perfectly intelligible if we conceive aniline in the light of an 
amidogen-base. In the same manner we shall probably see that the imidogen-bases, 
such as ethylaniiine and diethylamine, although still capable of giving rise to the 
formation of amides and amidogen-acids, will yield no longer compounds represent¬ 
ing the imides of the ammonia-salts; in the nitrile-bases, lastly, such as diethyl- 
aniline or triethylamine, we shall probably find that the faculty of yielding derivatives 
by elimination of water is either restricted to the formation of compounds corre¬ 
sponding to the so-called amidogen-acids, or has entirely disappeared. 

Relation of the bases derived from Aniline and Ammonia with 

OTHER GROUPS OF ALKALOIDS. 

It is impossible to leave the history of these compounds without alluding to some 
remarkable relations existing between these substances and other bodies of an analo¬ 
gous character, whose constitution is likely to be illustrated by this line of researches. 
The basic substances derived from aniline, when expressed in formulae excluding any 
peculiar view respecting the mode in which the elements are arranged, present a 
series which is exhibited in the following synoptical table:— 


Aniline.C J2 H 7 N= 

Metbylaniline.C 14 H 9 N=C I2 H 7 N+ C 2 Il 2 

Ethylaniiine.C, 6 H u N=C ]2 H 7 N+ 2C 2 H 2 

Methylethylaniline . . . C 18 H 13 N=C 12 H 7 N+ 3C 2 H 2 

Diethylaniline.H IS N=C 12 II 7 N+ 4C 2 H 2 

Amylaniline.H J7 N=C 12 H 7 N+ 5 C 2 H 2 

Ethylamylaniline . . . . C 26 H 21 N=C 12 Il 7 N-j- 7C 2 H 2 
Diamylaniline.C 32 H 27 N=C 12 H 7 N+10 C 2 H 2 


This table shows that the alkaloids in question differ from each other by n C 2 H 2 , 
the elementary difference of the various alcohols and their derivatives; we perceive 
moreover that the series ascends regularly up to the term C 12 H 7 N+5 C 2 H 2 , when the 
compound C 12 H 7 N+6C 2 H 2 is wanting; lastly, we miss the terms C 12 H 7 N+8C 2 H 2 
and C 12 H 7 N-f-9 C 2 H 2 . The first gap might be easily filled by submitting amylani- 
line to the action of iodide of methyl, inethylamylaniline being in fact C u H 1# N 
=C 12 H 7 N+6C 2 H 2 . The other wanting terms cannot be reached from aniline be¬ 
fore some of the missing alcohols are discovered. 

* Chem. Soc. Quart. Joura. u. p. 331. 
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On examining more closely the formula of the preceding conspectus, we find that 
several of them represent basic compounds previously known. Chemists are ac¬ 
quainted with the beautiful reaction by which Zinin first linked aniline to benzole 
through nitrobenzole. 

C 12 H 5 N 0 4 C 12 H 7 N, 

Benzole. Nitrobenzole. Aniline. 


Researches performed in the most different departments of organic chemistry have 
gradually elicited a series of carbohydrides differing from benzole by n C 2 H 2 , and 
each of these terms, when treated with nitric acid, and subsequently exposed to the 
action of reducing agents, has yielded its corresponding base. We are now in the 
possession of the following series of alkaloids derived from hydrocarbons:— 


Benzole C I2 H 6 

Toluole C 14 H„ =C„ 2 H 6 + C 2 H 2 
Xylole Cjg H 10 =C 12 H 6 -J-2 C 2 H 2 
Cuinole C, 8 H 12 =C l2 H 6 +3 C 2 II 2 
Cyinole C 20 H u =C 12 H 6 -f-4C 2 H 2 


Aniline C 12 H 7 N 
Toluidine C, 4 H 9 N=C 12 H 7 N+ C 2 H 2 
Xylidine* C 16 H u N=C 12 H 7 N+2 C 2 H 2 
Cumidine-f- C, 8 H, 3 N=C 12 H 7 N+3 C 2 H 2 
Cymidinej C M H, 5 N=C l2 H 7 N+4 C 2 H* 


On comparing the fonnulee of the bases contained in the last table with those re¬ 
presenting the alkaloids derived from aniline by the introduction of methyl and ethyl, 
we find that they exactly coincide. Toluidine has the same composition as methyl- 
aniline ; xylidine, cumidine and cymidine are represented by the same formulae as 
ethylaniline, methylethylaniline and diethylaniline. The question then arises, are 
these substances identical, or are they only isomeric with each other ? I have care¬ 
fully compared the properties of toluidine with those of methylaniline, and also 
methylethylaniline with cumidine. These substances are not identical, but only iso¬ 
meric. The most striking dissimilarity we observe in the characters of toluidine and 
methylaniline. The former is a beautiful crystalline compound, boiling at 198°, 
yielding difficultly soluble, perfectly stable salts with almost all acids, and a splendid 
orange-yellow platinum-salt, which may be boiled without decomposition. We are 
unacquainted with any process by which we could convert this body into aniline. 
Methylaniline, on the other hand, is an oily liquid, boiling at 192°, whose salts are 
distinguished by their solubility and by the facility with which they are decomposed, 
aniline being reproduced (vide p. 113). The platinum-salt, even when freshly preci¬ 
pitated, is of a pale-yellow colour, which immediately darkens, turning perfectly 
black after the lapse of an hour. Scarcely less striking is the dissimilarity of cumi¬ 
dine and methylethylaniline, although in this case both substances are liquids. For 


♦ Unpublished researches of M. C ah ours. This chemist has lately found the long-wanted carbohydride 
Cj fl H 10f among the products of the distillation of wood. It comports itself exactly like benzole and its con¬ 
geners, yielding nitroxylole and xylidine. 

f On Cumidine, a new Organic Base, by £. Chambers Nicholson, Chexn. Soc. Quart. Joum. i. 1. 

} This compound has been partly investigated by Mr, No ad. 
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details I refer to Mr. Nicholson's* paper on Cumidine, and to wbat I have stated 
about methylethylaniline (vide p. 114). The quantity of this substance I had at my 
disposa l was not sufficient for a determination of the boiling-point; but if we recollect 
that ethylaniline boils at 204°, and that the introduction of methyl into aniline raised 
its boiling-point about 10°, it is evident that methylethylaniline cannot boil at a tem¬ 
perature much higher than 214°, i. e. eleven degrees below 225°, the boiling-point of 
cumidine observed by Mr. Nicholson. An account of the properties of xylidine has 
not yet been published; however, I have not the slightest doubt that M. Cahours will 
find them widely differing from those of ethylaniline. 

Toluidine, xylidine and cumidine, resembling aniline, not only in their physical 
characters, but also in their origin from carbohydrides, evidently belong to the class 
of alkaloids for which I have provisionally retained the name amidogen-bases, while 
the basic compounds derived from aniline are either imidogen- or nitrile-bases. 
The difference of properties depends upon a difference in the molecular construction, 
as represented graphically by the following table:— 


H 1 

H >N=Aniline. 


C 12 H 5 


“ 1 

H >N=Toluidine =C 14 H 9 N=Methylaniline 

c u h t J 


jc 2 h 3 1n. 
Ic 12 h 5 J 



f H 1 

=Xylidine =C 16 H a N=Ethylaniline = C 4 H s N. 

Ic 12 h 5 J 

rC 2 h 3 -| 

N=Cumidine=Ci g H 13 N=MethyIethylaniline= C 4 H 5 jN. 

lC„ H J 


These formulae assume the existence of a series of homologous radicals of com- . 
pounds resembling in their chemical deportment, to a certain extent, the alcohols ot 
the series C„ H„ + , O,. In a former paper)*, I have shown how this resemblance be¬ 
comes more and more marked with every new investigation performed in this depart¬ 
ment of the science. A judicious application to these substances of the various 
methods hitherto employed in combining the radicals of the common alcohols with 
bromine or iodine, will probably enable us before long to obtain the corresponding 
products in the phenyl-, toluyl-, xylyl- and cumyl-series. The discovery of these sub¬ 
stances will furnish us at once with new processes for the production of the basic 
compounds in question, for it cannot be doubted that their action upon ammonia 
will give rise to the formation of the respective alkaloids with the same facility with 
which the treatment of ammonia with bromide and iodide of ethyl induces the form- 
* Lac. cit. p. 125. | Chem. Soc. Quart. Journ. ii. p. 329. 
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ation of ethylamine; we may hope moreover to form the imidogen- and nitrile-terms 
of these radicals, in the phenyl-series for instance:— 

H 'j C 12 H 6 'j 

C 12 H 5 >N, Diphenylamine and C 12 H 5 |N, Triphenylamine, 

^12 hJ c 12 h s J 

the production of which, as mentioned in the commencement of this paper, I have in 
vain attempted by the action of the phenyl-alcohol at high temperatures upon aniline. 

The view which I propose in the preceding remarks respecting the constitution of 
toluidine, xylidine and cumidine, must as yet be considered as a mere hypothesis. 
It will not however be difficult to establish it by facts. The action of bromide of 
ethyl upon these substances will at once decide this question. These bases, when 
subjected to the influence of the bromides, will give rise to the formation of a series 
of bases similar to those which I have obtained from aniline. I may mention that 
the deportment of toluidine and cumidine, in this respect, is now being studied by 
several of my pupils. There is no difficulty in introducing 1 equiv. of ethyl into tolu¬ 
idine ; the experiments are however not yet sufficiently advanced as to affirm also 
the insertion of the second equivalent. The alkaloid obtained by acting with bro¬ 
mide of ethyl upon toluidine is represented by the formula 

^18 ^13 

so that we are now in possession of three alkaloids of exactly the same composition, 
namely, ethylotoluidine, methylethylaniline and cumidine; and here I cannot but 
allude to the wonderful variety of isomeric compounds to which a continuation of 
these researches must necessarily lead. We see at a glance that substances of the 
formula 

Cjg H u N 

will also be obtained by inserting 1 equiv. of methyl into xylidine, by introducing 
2 equivs. of methyl into toluidine, or by fixing upon aniline the radical (propyl) 
belonging to the missing alcohol of propionic acid* (metacetic acid). We thus arrive 
at six alkaloids, having all the same numerical formulae, but widely differing in their 
construction. 

* A more appropriate name for metacetic acid, proposed by Dumas, Malaguti and Leblanc (Compt. Rend. 
zxt. 656), as it is the first acid of the series C a H n 0 4 that exhibits the character of a fatty acid, t. e. in being 
separated from solution as a layer of oil, and in forming salts with the alkalies that have a greasy appear¬ 
ance. 
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Cumidine.< 

f H 1 

H N 

1 

^18 

H„J 


f H •) 

Methyloxylidine . . . 

] ^2 

H 3 N 


tc i6 

H 9 J 


f H t 

Ethylotoluidine . . . 1 

I p 
1^4 

H s N 

1 

Lc u 

H J 

j 


H 3 'i 

Dimethylotoluidine . . j 

c 2 

H 3 N 

1 

^14 

H J 

I 

' H 1 

Propylaniline .... -I 

c« 

H, N 

1 

-C 12 

h 5 J 

| 

rC 2 

h 3 i 

Methylethylaniline . . 1 

c 4 

H, N 

1 

C 12 

h 5 J . 


>=c l8 H, a N, 


This multiplicity of course augments in the same measure as we ascend upon the 
scale of organic compounds. For every 6 tep the number of possible isomeric bases 
increases by two, so that on arriving at the term diamylaniline, 

C 32 H 27 N, 

being the last member (vide p. 124) in the aniline-series which I have examined, we 
find that its numerical formula actually represents not less than twenty different 
alkaloids which the progress of science cannot fail to call into existence,—a striking 
illustration of the simplicity in variety that characterizes the creations of organic 
chemistry. 


Not less numerous will be the isomerisms in the series of bases derived by the 
insertion into ammonia of the alcohol-radicals C n H, +1 only, as soon as the group of 
these alcohols themselves shall be more completely known. Ethylarnine is isomeric 
with dimethylamine; diethylamine has the same composition as methylopropyl- 
amine, a base containing ethyl and propyl, the alcohol-radical in the propionic (meta- 
cetic) series, as dimethylethylamine, and lastly, as butylamine. Some chemists are 
actually inclined to consider as such a volatile alkaloid discovered by Dr. Anderson * 
among the products of the distillation of animal substances, and described by him 
under the name of petinine. The formula established by Dr. Anderson is 


c s H io N ; 

but it is not unlikely that on repeating the analysis an additional hydrogen-equivalent 

♦ Transactions of the Royal Society of Edinburgh, xvi. 4. 
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will be found. Tbe boiling-point of the compound (75°) is very much in favour of 
butylamine # . 

In a similar manner a great number of bases identical in composition with triethyl- 
amine will soon be found; capronamine, methylamylaraine, ethylobutylamine, dipro¬ 
pylamine, and a number of others. 

In concluding this paper, which, from tbe great number of experimental details 
which I had to bring forward, has been swelled almost beyond legitimate dimensions, 
I cannot but allude to the aid which the study of the natural alkaloids may possibly 
derive from a prosecution of these researches. I am, as I have said, far from believing 
that the constitution of substances, like quinine and morphine, is as simple as that 
of the bases described in the preceding memoir; we know that the typical system 



may in a variety of ways assimilate several other groups of elements without forfeit¬ 
ing its original character. Cyaniline, melaniline-f-* and dicyanomelanitine, and their 


* A perfectly similar remark applies to a compound lately discovered by Rochlrdkr among the products of 
decomposition of caffeine (Ann. Chem. und Pharra. lxxi. 7), and described by him under the name of formyline. 
The formula 

C, H 4 N, 


which Rochlbder gives for this compound, is, after we have become acquainted with the mode in which the 
methyl- and ethyl-bases are produced, very improbable. There appears to me a choice only between the formulae 

c - h - n ={c*h} n “‘ 

The former of these formulae is improbable, on account of the great discrepancy both in the hydrogen and pla¬ 
tinum observed and calculated; and it may be mentioned here that the existence of a series of bases of the 
formula 

C n H n+l N, 

i. e. bases containing formyl, acetyl, propionyl (metacetyl), butyryl, &c„ appears to be still doubtful on ac¬ 
count of the electro-negative character of these radicals. By the action of bromide of acetyl, C 4 H s Br, upon 
ammonia, I have not as yet been able to obtain an alkaloid. The formula 

C 2 H 5 N, 

which is that of methylaraine, discovered by M. Wurtz, has analogy in its favour. The slight deficiency 
in the hydrogen can, it would appear, be scarcely adduced in opposition to the formulae. The three formule 
are represented by the foUowing numbers, which 1 place in juxtaposition with the mean of the analytical 
results. 

C g H s N. C, H 4 N. C, H, N. Mean of analysis. 

rt_1_ ..in ,.nn . Art . ' 


Carbon. 5 10 509 5*06 4*86 

Hydrogen. 1*70 2 12 2*53 2*45 

Platinum . 42*52 41*77 41*60 41*89 


f It seems that the homologues of aniline yield derivatives with the same facility as aniline itself: Mr. Wil- 
son is at present engaged in studying the action of chloride of cyanogen upon toluidine; he has obtained a 
beautiful alkaloid represented by the formula C w H 17 N„ which corresponds to melaniline. 
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congeners, are well-marked instances of such increasing complexity. The constitu¬ 
tion of the natural alkaloids may be still more intricate. However, a series of well- 
devised experiments will not fail to exhibit the framework of these substances, an 
inspection of which will enable us to reconstruct them with the same facility as we 
build up our series of alcohol-bases. 

The powerful and defined action of bromide of ethyl which I have pointed out in 
this paper will, it would appear, materially assist in the solution of this problem. 
We might by its aid succeed in ascertaining the state of substitution in which the 
ammonia exists in these compounds, or in other words, whether the alkaloid in ques¬ 
tion is an amidogen-, imidogen-, or nitrile-base. Some preliminary experiments made 
with two natural alkaloids, with nicotine and coniine, more closely allied, it is true, 
with the aniline-group than quinine, &c., appear to promise a harvest of interesting 
results. These substances evidently contain still basic hydrogen, for on mixing them 
with bromide of ethyl, they are rapidly attacked, with formation of the hydrobromates 
of two new bases, of which the salt of the nicotine-derivative is obtained in large 
beautiful crystals. An extension of this study to the bases of the cinchona bark and 
of opium, and to the bases of the series C„ H n+1 N 0 4 (glycocine, sarcosine, leucine, &c.), 
whose constitution is at present still very enigmatical, may perhaps lead to similar 
results. These substances, complicated as their construction may appear at the first 
glance, will perhaps be found of a surprising simplicity when subjected to a closer 
examination. I may here quote the curious results which various chemists have ob¬ 
tained by treating with nitric acid and other powerful agents several of the natural 
alkaloids, results from which it would almost appear that several of these alkaloids, 
brucine and narcotine for instance, do actually contain methyl or ethyl, inasmuch 
as their decomposition seems to give rise to the formation of compounds of these 
radicals. The presence of such radicals as methyl and ethyl in natural alkaloids, is 
in itself scarcely a startling*fact. We are still perfectly in the dark as to whether 
the pyroxylic spirit which we obtain in the dry distillation of wood is actually a 
product of destructive distillation, or whether it pre-existed in the wood before the 
process. At all events we know from the splendid researches of M. Cahours on the 
oil of Gaultheria procumbens, that methyl-compounds are actually secreted in the 
organism of plants. Ammonia in a nascent state coming into contact with these 
and other compounds, might easily give rise to the formation of basic substitution- 
products. In a recent communication. Dr. Stenhouse * has proved that whenever 
ammonia separates from nitrogenous organic matter, by dry distillation, putrefac¬ 
tion, &c., we have invariably a formation of organic bases attending the evolution of 
this compound. 

However, the question as to whether brucine and narcotine actually yield alcoholic 
compounds being still sub jttdice, it is better to defer for the present any farther 
speculations which might present themselves. 

* Transaction* of the Royal Society for 1860, Art. II. p. 56. 
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In conclusion, I append a synoptical view of the various basic compounds which 
I have derived from ammonia; this will exhibit the chief results of these researches, 
better perhaps than would a brief recapitulation of the several facts. 


TYPE. 


Ammonia f[!| 


AMIDOGEN-BASES. 


Aniline 

(Phenylamine) 



IMIDOGEN-BASES. 

Ethylaniline f c H H | 

(Etbylophenylamine) ] _ 4 __ 4 I 

H 4 J 


Methylaniline 

(Methylophenylamine) 

Amylaniline 


NITRILE-BASES. 


Diethylaniline 

(Diethylophenylamine) 



f H I 

■j ^10 

K Hj J 



H 


H 

Chloraniline 

H 

^ Ethylochloraniline 

c< h 4 

(Chlorophenylamine) 


(Ethylochlorophenylamine) 

[ c »G) 


H 

j 

H 

Bromanilme 

H 

^ Ethylobromaniline | 

C 4 H, 

(Bromophenylamine) 

Kffl 

(Ethylobromophenylamine) j 

K© 


H 


H 

Nitraniline 

H 

^ Ethylonitraniline 

C, H s 

(Nitrophenylamine) 


(Ethylonitrophenylamine) j 

C “U) 


N. 


C t H,] j 

C. H, N.j 

C„ H s J 

Methylethylaniline [^ 2 

(Methylethylophenylamine) ) 4 * j ■ 

1^12 «» J 

Diamylaniline 
(Diamylophenylamine) 

Ethylamylaniline 
(Ethylamylophenylamine) 


Diethylochloraniline 

(Diethylochlorophenylamine) 



f H 'l 

Ethylamine ) H 'jj 

^(Ethylammonia) | c H | 


Diethylamine 

(Diethylammonia) 


r H | 

C, Hj N. 

[C, H, J 


Triethylamine 

(Trietbylammonia) 


fC. H; 
• c. H, 
[C. H, 
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VI. On the Development of the Great Anterior Feins in Man and Mammalia; 
including an Account of certain remnants of Foetal % Structure found in the 
Adult 9 a Comparative View of these Great Veins in the different Mammalia , 
and an Analysis of their occasional peculiarities in the Human Subject. By John 
Marshall, F.R.C.S ., late Demonstrator of Anatomy in University College , Lon¬ 
don ; Assistant Surgeon to the University College Hospital. Communicated by 
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TlIE principal object of the present paper is to state the result of observations 
on the metamorphosis of certain of the great veins in Man and Mammalia, and 
on the relation between the primitive and final condition of these vessels, both 
when they pass through their changes in the usual order, and in cases of deviation 
from it. 

It is well known that in the mammalian embryo the great veins entering the heart 
from the upper or anterior part of the body are originally symmetrical on the two 
sides; and that in Man, the Quadrumana and most of the higher orders of quadru¬ 
peds, the venous trunk of the left side undergoes occlusion; whilst in other Mam¬ 
malia that vessel continues, and constitutes, in the adult state, a left vena cava an 
terior, which passes down in front of the left lung, and then along the back of the 
heart in the auriculo-ventricular groove to terminate in the right auricle. Certain 
points of analogy between these different conditions are suggested by a careful exa¬ 
mination of the great veins in adult hearts, more especially of what is usually regarded 
in the human subject as the dilated termination of the great coronary vein in the 
right auricle. This portion of the vessel (Plate I. fig. 1 , s), which has muscular 
parietes, is, on account of its width, usually named the coronary sinus. Its length 
may be considered as defined by a valve (a?) placed about an inch or more from its 
opening into the right auricle. This valve, which was known to Vieussbns*, has 
been again recently pointed out by Dr. John Reid-J*, and is described by him as 
generally existing and formed of one or two segments. In all the examinations 
which I have made I have found it present, and always consisting of two segments; 
a larger one placed on the 6ide of the auriculo-ventricular furrow, and a smaller one 
situated on the free side of the vein, and therefore liable to be divided in slitting up 

* Traits de la Structure, &c. du Cceur. Toulouse, 1715, p. 56. 

t Cyc. Anat. and Phys., Art. Heart , pf. 597. 
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that vessel (see Plate I.). Into the extremity of the coronary sinus, as thus defined, 
the great coronary vein ( g) may be said to open, its entrance being guarded by the 
valve alluded to; and along the lower border of the sinus there enter three or four 
venous branches (p,p,p), which ascend from the back of the ventricles, one of 
them generally forming the middle cardiac vein (m); the mouths of these branches 
are also almost invariably provided with fine valves consisting of one or two segments, 
but beyond the coronary sinus and the larger valve first noticed, no more valves are 
met with either in the trunk of the principal cardiac or coronary vein, or in any of 
its tributary branches. 

In the hearts of the Monkey, Cat and Dog, a precisely similar arrangement is ob¬ 
served. 

In those animals which possess a left vena cava superior, the great cardiac or 
coronary vein ends in that additional venous trunk, as seen, for example, in the Mar- 
supialia, many of the Rodentia, and in the Elephant. Moreover in certain Ruminant 
and other animals, as for example the Sheep (Plate I. fig. 2), in which a large left azygos 
vein exists, arching over the root of the left lung and thence pursuing the same 
course to the right auricle as the left vena cava superior in the cases already alluded 
to, the coronary vein (g) opens into this azygos venous trunk («/). In both these two 
conditions, as I have observed in the Rabbit, Hedgehog, Ox, Sheep and Pig, the lower 
part of the large left venous trunk is always dilated and muscular, and at the opening 
of the coronary vein into it, there is found a large valve composed in some cases of 
one segment (a:), and in others of two. A series of small veins ( pmp ), ascending 
from the back of the heart, join it at intervals between the valved entrance of the 
coronary vein and the opening of the venous trunk itself into the right auricle; and, 
lastly, the mouths of these ascending cardiac veins are for the most part regularly 
provided with valves, whilst, on the contrary, no valves exist along the continuation 
upwards of the large venous trunk, at least in the neighbourhood of the heart; nor 
are valves met with, as a constant condition, in any other part of the cardiac veins 
themselves. 

On comparing, in Man and Animals, the arrangement of these vessels and the dis¬ 
position of their valves, I was led to conjecture that the dilated and somewhat muscular 
portion of the coronary vein, usually named the coronary sinus (Plate I. fig. ], s), together 
with its large and important opening (t) into the right auricle, as seen in Man and 
such of the higher Mammalia as have no left vena cava superior or left azygos vein, 
was strictly analogous to the expanded lower portion (fig. 2, d) and auricular orifice 
(/) of those additional left venous trunks, as found in other quadrupeds; and, in fact, 
that it was the persistent lower part of the left anterior primitive venous trunk. 

On this supposition, the coronary vein proper, in Man and the higher Mammalia, 
might be said to end in the so-called coronary sinus, at the valved orifice above de¬ 
scribed ; and thus its mode of termination, instead of varying in different cases, would 
be similar throughout the entire mammalian series,—the vessel in no case reaching 
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the right auricle directly, but always pouring its blood, like the posterior cardiac 
veins generally, into a larger venous trunk. 

The analogy thus indicated between the coronary sinus on the one band, and the 
lower portion of the left vena cava superior or left vena azygos on the other, is ap¬ 
parent, not only in their likeness as to shape and structure and the disposition of their 
branches and valves, but also in the similarity of their situation, direction and con¬ 
nections with the heart, and in the resemblance, not altogether overlooked by anato¬ 
mists, of their respective openings into the right auricle. 

According to Rathke, however, whose authority is generally followed, the left an¬ 
terior primitive venous trunk in the human subject closes and entirely disappears in 
the progress of development, from the root of the neck down to the heart. But if, on 
the contrary, the coronary sinus, as found in the adult condition, in Man and some 
of the higher Mammalia, be, as is above suggested, the analogue of, or, to express 
the fact in another form, be the lower pervious portion of the left primitive vein, 
might it not possibly happen that, even on the fully-formed heart, some remnant of its 
upper occluded portion should still exist, above the valved entrance of the coronary 
vein into the coronary sinus ? 

Searching, accordingly, in the adult human heart, I have found, in upwards of 
twenty different instances, certain parts or structures (Plate I. fig. 1, o, /, t>) always 
clearly distinguishable, though varying in distinctness, which, from their position and 
general character, are undoubted remains of the upper portion of the left primitive 
venous trunk. 

Analogous remnants of the left primitive vein are also to be seen, in all those Mam¬ 
malia in which—as in the Dog, the Cat and the Monkey—the same amount of oc¬ 
clusion of that vessel occurs as in the human subject; and a comparative examina¬ 
tion of the arrangement of the veins in different animals, of the various instances of 
deviation from the ordinary condition in Man*, and of the metamorphosis of these 
vessels in human and other embryos, has sufficed to establish, beyond a doubt, the 
identity of the parts under consideration. 

The results of the entire investigation, together with due reference to the labours 
of others, may be conveniently presented under the following heads:— 

1. Development of the great anterior veins. 

2. Comparative view of the adult condition of these veins in Man and Mammalia. 

3. Analysis of their varieties in the human subject. 

* In the thirteenth observation out of twenty-four, I fortunately met with an example of double vena cava 
superior in the adult, a rare and interesting variety in relation to the present subject. Since then I have had 
presented to me a second example, occurring in a child between four and five years old. 1 may take the pre¬ 
sent opportunity of thanking Dr. Shabpxt, Mr. Stesxtbb and Mr. W. Bunnktt for aid in procuring materials 
for this investigation. 
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I. DEVELOPMENT OF THE GREAT ANTERIOR VEINS. 

It has been shown by Rathke *, to whom we are chiefly indebted for our know¬ 
ledge of the development of the veins, that in Man and Mammalia, as in the Verte~ 
brata generally, the blood of nearly all parts of the embryo is returned to the heart 
by two pairs of venous trunks, viz. an anterior and a posterior pair, placed symme¬ 
trically in the lateral halves of the body. Besides these, however, there is a median 
inferior venous trunk, which forms in succession the termination of the omphalo¬ 
mesenteric and umbilical veins, and finally becomes the vena cava inferior. 

Of the four lateral veins, the anterior pair, formed by branches from the head and 
neck, constitute the jugular veins . The posterior pair, which return the blood from 
the Wolffian bodies and the hinder part of the embryo, are called the cardinal veins . 
The cardinal and the jugular vein of each side join to form a short wide vessel, 
named the canal of Cuvier ; and again, the two canals of Cuvier (so named from 
their resemblance to the ductus Cuvieri in fishes) running downwards and forwards 
at the sides of the oesophagus, unite in front of that tube into a common trunk, which 
immediately enters the yet undivided auricular portion of the heart. In the subse¬ 
quent enlargement of the yet single auricle, this common trunk comes, as it were, to 
form part of that cavity, into which accordingly the two canals of Cuvier henceforth 
open separately, and thus represent two superior venae cayee, one on each side. 

When the Wolffian bodies disappear, the cardinal veins diminish in size, returning 
the blood from the hinder limbs and trunk of the embryo only. In the mean time 
the intercostal veins are formed and united together by vertical anastomoses on each 
side, so as to form the azygos and hemiazygos veins. Finally, in Man, the left 
cardinal vein becomes, according to Rathke, entirely obliterated , whilst the upper 
portion of the vein of the right side is probably concerned in the formation of the 
termination of the azygos vein. 

In the meantime a transverse connecting branch is developed across the lower part 
of the neck, between the two jugular veins. This transverse branch is rapidly 
enlarged, and then, in the human embryo, and also in those animals which have no 
permanent venous trunk on the left side, that portion of the original left jugular 
trunk which is situated lower down than the transverse branch, or nearer to the heart, 
and also the left canal of Cuvier which is continuous with it, shrink and disappear; 
the enlarging transverse branch across the neck forms the left innominate vein; and 
the lower part of the right jugular with its canal of Cuvier, receiving the remains 
of the right cardinal vein, now the terminal part of the vena azygos, constitutes the 
vena cava superior as ordinarily met with: thus the metamorphosis is complete. 

In the Sheep, however, it was observed by Rathke, that the upper part of the left 

♦ Rathke, " Ueber die friihestc Form und die Entwickelung dee Venensystemes beim Schafe ** (Meckel’s 
Archiv fur. Anat. und Phys. 1830, p. 63); also, more particularly, “Ueber den Bau und die Entwickelung 
des Venensystems der Wirbelthiere ”—(Dritter Bericht, iiber das NaturwissenscbaftKche Seminar bei der Uni- 
versitat zn Kdnigjsberg. Kdnigsberg, 1838). 
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cardinal vein and the left canal of Cuvier remain open to form the left azygos vein 
present in that animal; whilst that part of the left primitive venous trunk which is 
situated between the canal of Cuvier and the junction of the left subclavian and 
jugular veins, disappears, and only a subordinate twig is subsequently found in its 
place, which ends in a small left superior intercostal vein. 

Lastly, in those animals which in the adult condition have a right and left superior 
vena cava, the left primitive jugular vein, together with the corresponding canal of 
Cuvier, remains pervious throughout life. This knowledge of the common type of 
formation of the veins in the Vertebrata, and of their metamorphosis in certain species 
by partial occlusion, suggested to Rathke the explanation of the occasional occurrence 
of double vena cava superior in the human subject as the result of an arrest of deve¬ 
lopment. Nevertheless, the details of this metamorphosis have not been fully indi¬ 
cated, nor, as far as I am aware, have any persistent remnants of the foetal structure 
been recognized in the adult. By Rathke himself the left primitive vein is said, in 
Man, to diminish and entirely disappear from opposite the left end of the transverse vein 
of the neck , down to the heart ; but this seems to have been an inference from the 
known adult condition, and I do not know that either he or others have given any 
description or delineation of the development of these veins, as actually traced in the 
human embryo. 


The metamorphosis of the primitive lateral and symmetrical venous trunks in the 
higher Mammalia and in Man may be said to consist of two fundamental changes , 
viz. a. the formation of the cross branch or communication in the neck, and, b. the 
occlusion of a greater or less portion of the left primitive venous trunk. Besides 
this, however, there are, during embryonic life, c. certain concurrent and subsequent 
alterations in the size, position and direction of the venous trunks which finally re¬ 
main pervious. Lastly, d. there are the changes which take place after birth. 

Development in the Sheep. 

a. Formation of the Transverse Communication in the Neck. 

In embryos measuring ^ths of an inch, well-preserved in spirit, and in which the 
blood was hardened in the veins, no appearance of a cross branch was discernible. 
Tbe earliest satisfactory indications of its commencement were met with in embryos 
from i$ths to £§ths of an inch in length. In these (Plate II. figs. 1, 2, 3), two little 
spur-shaped points, filled with hardened blood, projected towards each other from the 
inner borders of the jugular trunks (a a') immediately above the commencing peri¬ 
cardium, on a level with the subdivision of the ascending aorta. In some cases, no 
intermediate portion of vein between these points could be detected; but in others 
tbe connection was evidently completed by a material, more opake than that around, 
which could be often raised as an indistinct narrow cord, containing however no 
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hardened blood (fig. 5, d). Even in embryos as long as £$ths of an inch (fig. 4), no 
red line could be traced quite across the neck, although the lateral primitive veins 
were turgid with blood, and presented two conical projections at the situation of the 
cross branch. 

This cross branch is supposed to be formed by the enlargement of a previously 
developed vessel of almost capillary dimensions, perhaps one of several such vessels 
passing across the neck; but it is possible that it might be formed in the same way 
as the other great vessels. The appearances above described would suggest the idea 
that this transverse branch was formed by the budding out and subsequent junction 
of two opposite points of the older veins, but this appearance is probably owing 
merely to the vessel being smaller and empty of blood in the middle of its course, or 
to its b,eing accidentally broken at that point; but still it would seem that the extre¬ 
mities of the new transverse vein in connection with the older vessels are at first 
always enlarged more than the intermediate portion. In recent embryos of the Guinea 
Pig, measuring about half an inch in length, I have twice recognized the transverse 
branch as a very minute continuous vessel, passing quite across the neck, between the 
two jugular veins, just above the pericardium. In one very early embryo (-^ths of 
an inch long), a small vessel, evidently a vein, traversed the neck higher up, supported 
by the branchial arch which was being transformed into the lower jaw; the lower 
cross branch was not yet formed in this case. 

During the widening of the cross branch, the two jugular trunks ( ad) at that point 
gradually approach each other,—the distance between them, absolutely as well as 
relatively, decreasing (compare figs. 2 and 6, representing embryos of ^gthsand Jgths 
of an inch in length). Instead of descending parallel with each other, these veins now 
incline to the middle line of the neck, opposite the cross branch, and assisted by the 
shortening and widening out of that vessel, they appear at length to coalesce, almost 
by lateral adaptation, before any diminution of the left primitive vein has begun to 
take place (fig. 7> embryo 1 inch -j^ths long). 

In later embryos (fig. 8, 1 inch and ^ths long; fig. 10, 1| inch long), in which 
the neck is already becoming elongated, by the time that the occlusion of the left 
primitive vein is accomplished, the two jugular veins, having received the large super¬ 
ficial veins of the neck and those from the anterior limbs, are so closely applied to 
each other, and their connecting branch is become so entirely absorbed into them, 
that they join together at a very acute angle; or rather, the vein of the left side, 
now the left innominate vein, runs continuously into the lower part of the right 
primitive vein, or superior vena cava, whilst the right innominate vein appears to foil 
into this large continuous trunk at an acute angle. 

At still later periods, when the vertebral column projects prominently forward at 
the lower end of the slender neck, immediately above the narrow aperture of the 
thorax, this obliquity of the junction between the innominate veins is as marked as 
in the adult animal. 
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b. Occlusion of a portion of the Left Primitive Vein , 

Before the commencement of this stage of the metamorphosis, the jugular trunks 
are closely approximated and open freely into each other by means of the wide and 
very short communicating branch (fig. 7? d). Previously to this change also, that por¬ 
tion of both primitive jugulars which is situated below the cross branch, becomes 
elongated in accordance with the growth of the thorax, and now, inclining outwards, 
descends through a much longer course upon the pericardium, beneath the pleura, to 
join the cardinal vein of its own side and end in the corresponding canal of Cuvier. 
It is just this portion of the left primitive jugular vein, viz. from the transverse branch 
in the neck to the commencement of the left canal of Cuvier, which becomes closed 
in the Sheep. In embryos measuring 1 inch and 1 line (fig. 7)> the vessel (a 1 ) has 
either not begun, or is only just beginning to shrink; but so rapidly does the pro¬ 
cess take place, that in others scarcely l line longer (fig. 8), the vessel is already 
closed, and now appears as a semitransparent cord (o) extending from the point of 
junction of the primitive jugular trunks in the neck, to the arch formed by the left 
cardinal vein ( h ') and left canal of Cuvier (c j ). This cord is finer at its lower end; 
it lies at first in front of the aorta, and then passes down close to the pericardium, 
on the left side of the ductus arteriosus; it is in contact, below, with the left pleura; 
the par vagum descends behind it, and it is crossed by the phrenic nerve. Close 
behind the upper end of this cord, but not actually connected with it, a considerable 
vein, formed by the left vertebral and a large perforating intercostal from the back, 
joins the under side of the left innominate vein. 

In later embryos the above-mentioned cord becomes less and less distinct; in an 
embryo measuring l£ inch long (fig. 10) it cannot be continuously traced, and in a 
foetal sheep, 4 inches in length (from the vertex to the tail), it is not perceptible. 
In its place, however, there is found a long ridge or elevation of the pericardium, 
containing fibrous tissue, which may be followed from below upwards, close to the 
left side of the large ductus arteriosus, in a direction towards the middle of the root 
of the neck. Above the pericardial sac, the traces of it are almost entirely lost. 

c. Concurrent and subsequent Changes in the Pervious Vessels . 

In size . As the left primitive vein is undergoing occlusion, the lower part of the 
right jugular vein (figs. 8, 10, a), and the right canal of Cuvier, simply enlarge, as 
Rathke states, to form the superior vena cava. The adjoining part of the right car¬ 
dinal vein, having first shrunk in consequence of the wasting of the Wolffian body, 
remains for a considerable time as a right azygos vein, equaling in size the left 
azygos; but about the middle of foetal life it is smaller than the vein on the left 
side, and afterwards, its connection with the right intercostal veins being gradually 
cut off, it slowly diminishes until it exists only as a very small vessel, or sometimes 
wholly disappears. The left cardinal vein (6 f ), on the contrary, forms, after the dis¬ 
appearance of the corresponding Wolffian body, a left vena azygos, which, though for 
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a time of the same size as the right azygos, afterwards surpasses it, in consequence 
of receiving the lower right intercostal veins, in addition to almost all those of its own 
side. The left canal of Cuvier (</), reduced greatly in width after the occlusion of the 
primitive jugular vein, constitutes the intrapericardial part of the left azygos vein, and 
with the rest of that vessel forms a venous arch, which turns over the root of the left 
lung, and is connected above with the cord-like vestige of the occluded vein (o). 

In position and direction . The cardinal veins, in order to unite with the jugular 
veins in the corresponding canals of Cuvier, bend forwards above the commencing 
lungs (figs. 1 and 2,—4, 4'), from which they are for a time separated by the upper 
end of the Wolffian bodies (5, 5'). The rudimentary right lung being, almost from the 
commencement, larger and somewhat higher up in the thorax than the left, the right 
cardinal vein (J), even at a very early period (see figs. 2 and 9), reaches higher than 
the vein of the left side (b f ); a peculiarity in position which subsequently increases, 
so that in a foetus of 4 inches in length the arch of the right azygos rises three 
lines higher up in the thorax than that of the left vein. 

The cardinal veins, like the jugulars, are altogether outside the pericardium; but 
as soon as that sac is formed, the canals of Cuvier are found almost entirely within it. 
At first (figs. 1, 2,3, c, c J ) these canals pass horizontally forwards and inwards to the 
back of the auricular portion of the heart, into which they open on the same level, 
one on either side, in front of the inferior cava; but as the lungs enlarge and occupy 
more of the thoracic cavity, the Cuvierian canals have to descend more and more 
obliquely in front of the roots of those organs to reach the heart (figs. 7 to 10). In 
accordance with the higher position of the root of the right lung, this change in direc¬ 
tion is more marked in the right canal of Cuvier, or future vena cava superior. 

The heart itself, in the progress of growth, becomes slightly twisted, especially at 
its base or auricular part, its right border being turned somewhat upwards, supposing 
the thorax to be placed vertically (fig. 9, embryo 1 inch and 2 lines long; the parts 
being seen from behind). Hence the enlarged right canal of Cuvier (c) or upper 
vena cava reaches the future right auricle sooner and more directly than the smaller 
left canal (d) or left azygos venous trunk ; the former having a comparatively short 
and almost vertical course, whilst the latter, after having descended in front of the 
root of the left lung, has to turn beneath the base of the heart to gain its destined 
end in the right auricle. At the same time the position of the openings of the meta¬ 
morphosed canals of Cuvier in the future right auricle undergo a change; for instead 
of both of them being placed, as at first, on the same level, one on each side of the 
inferior cava, the orifice of the right canal or upper cava opens widely into the 
highest part of the auricle, nearly in a line with the lower cava (e), whilst the left canal 
or left azygos ends at the lower and back part of the auricle close to the commencing 
Septum. The serous layer of the pericardium is at first equally feftected over both 
the Cuvierian canals, but in time, whilst it covers only a smaller and smaller part of 
the anterior surface of the right canal, or upper cava, it forme a more and more 
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distinct fold or duplicating (fig. 10 o'), in which the left canal or left azygos trunk is 
lodged as it passes do?vn in front of the left pulmonary vessels to reach the side of 
the left auricle immediately behind the appendix. Beyond that point, the vein, as it 
lies on the back of the left auricle, and runs along the auriculo-ventricular groove 
to reach the right auricle, is also covered by the serous layer of the pericardium. 
In the heart of a foetus, 4 inches in length, several small veins from the substance of 
the left ventricle may be seen ending in the lower part of the left azygos trunk ; and, 
amongst them, one, which joins it at an acute angle, is the future coronary vein. 

d. Changes at Birth . 

When, after birth, the short and wide ductus arteriosus shrinks, the long ridge of 
the pericardium with its contained fibrous tissue, already described as resting upon 
that vessel in the position of the occluded left vein, becomes closely applied to the 
left side of the aortic arch, and may be traced in the direction of a line drawn from 
the point of junction of the innominate veins at the root of the neck, down to the 
highest point of the arch of the left azygos vein. 

Within the pericardium, the trunk of the left azygos occupies its proper fold of the 
serous membrane, and receives, shortly before its termination in the right auricle 
(as seen in Plate I. fig. 2), the coronary vein of the heart ( g ) and two posterior cardiac 
branches ( p , m), besides a third smaller one (//), which might almost be said to end at 
once in the right auricle. The mouth (t) of this left azygos venous trunk is situated 
to the left of the orifice of the inferior cava (e), close to theinterauricular septum, and 
below and behind the fossa ovalis, like that of the left superior cava in the lower 
Mammalia and in Birds. It has no Thebesian valve, which is represented, in the 
Sheep, merely by a slight ridge of the auricular parietes. 

At the entrance of the coronary vein into the left azygos, there is, however, a large 
distinct valve (x), consisting of one strong segment. The two cardiac veins succeeding 
it are each guarded by finer valves of two segments, and the third vein generally by 
a single segment. Along the course of the coronary vein, there are from one to four 
other valves, consisting usually of one segment, but sometimes of two. 

Lastly, the right azygos is now a much less important vein than that of the left 
side; it reaches from 3 to 5 inches higher in the chest, and is so small as to have been 
said by some anatomists, including Rathke, to be always wanting. Occasionally, 
(once in five observations) it was found to be so trivial a vessel, that it was difficult 
to distinguish it as the actual persistent representative of the right cardinal vein. 

Development in Man. 

a. Formation of the Transverse Branch in the Neck . 

No opportunity has offered itself of observing the time and mode of origin of the 
transverse branch in the human embryo, though it is probably originally formed iu 
the same way as in the Sheep and Guinea Pig. In an embryo of £Jths of an inch in 



142 


MR. MARSHALL ON THE DEVELOPMENT 


length (Plate III. figs. 1,2), the cross branch (d) was already formed. Owing to the 
width of the human thorax, the jugular veins do not approach each other closely at 
the root of the neck, as in the Sheep; the cross branch continues of a much greater 
length, and, at first horizontal in its direction, only assumes after a considerable 
time, the somewhat oblique position which it permanently bolds as the left innomi¬ 
nate vein. Rathkb describes it as formed opposite the point of junction of the 
jugular and subclavian veins; but in the embryos dissected by myself, it is a little 
lower down than that point and immediately above the commencing pericardium. 

b. Occlusion of part of the Left Primitive Vieins. 

It is not until after the transverse connecting branch is already nearly as large as 
either jugular vein, that the venous channels destined to be occluded begin to shrink. 
Previously to the commencement of this stage of the metamorphosis, the cardinal 
veins (figs. 1 , 2 , b, b') have much diminished in size owing to the wasting of the Wolf¬ 
fian bodies (5); but the two halves of the venous system are still quite symmetrical, 
except that the arch of the right cardinal vein is higher up than the left, in accord¬ 
ance with the greater size and relative altitude of the corresponding lung, as already 
pointed out in the Sheep. From opposite the cross branch, the two jugular veins 
descend behind the auricular appendices outside the pericardium, to become con¬ 
tinuous with the canals of Cuvier (c, c'), which, having received the cardinal veins, 
immediately enter the pericardium, and bend inwards beneath the auricular portion 
of the heart, into which they open, one on each side of and somewhat before the in¬ 
ferior cava. 

In addition to a part of the left primitive jugular vein, lying outside the pericar¬ 
dium below the cross branch in the neck, it will be found that in the human subject, 
in which there is no left azygos as in the Sheep, the left cardinal vein shrinks into 
an insignificant branch, and entirely disappears as a distinct trunk; whilst the greater 
part of the left canal of Cuvier, placed within the pericardium, is also closed; its last 
part, however, situated on the back of the left auricle, remaining permanently open. 
This pervious portion of the Cuvierian canal eventually forms the coronary sinus. 

The first step towards this occlusion consists in a gradual shrinking of the left 
primitive venous channel from the left end of the cross branch down to the back of 
the heart, as shown in an embryo of 1 inch and -i&ths in length (Plate III. fig. 3). The 
upper portion of the vein lies upon the aorta and ductus arteriosus, beneath the left 
pleura; whilst the lower portion, within the pericardium, crosses in front of the vessels 
of the left lung, lodged in a duplicature of the serous membrane, reminding one of 
the fold in which the left azygos vein is contained in the adult Sheep. The lower end 
of the vessel, placed on the back of the left auricle, is more dilated than the rest. In a 
mpre advanced embryo, 1 inch and ^ths long, the closure was complete, and had pro¬ 
bably been accomplished a considerable time (fig. 4). The place of the primitive vein 
is now seen to be occupied by a fine cord (c"), which may be followed from the under 
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side of the left innominate vein down to the back of the auricle. This cord is covered 
by the pleura, and crossed by the left phrenic nerve; it descends in front of the par 
vagum, upon the side of the aorta and ductus arteriosus to the left pulmonary artery, 
opposite to which it penetrates the pericardium. Within this sac it crosses the 
small interval between the left pulmonary artery and veins, enclosed in a minute fold 
of the serous membrane; and then, becoming applied to the back of the left auricle, 
expands into a small conical pouch (d), which is narrow and pointed above, but wider 
below, where it opens into the right part of the yet undivided auricular cavity. No 
left superior intercostal vein could be found in this embryo. 

In no other foetus examined did the occlusion of the primitive left jugular vein ex¬ 
tend quite up to the cross branch or left innominate vein; for there always remained 
a pervious but shrunken portion of the primitive vessel, which, as will immediately 
be shown, forms the trunk of the left superior intercostal vein. This fact is illustrated 
in fig. 5, i. In a somewhat later embryo (fig. 6), the cord of the occluded vein may 
be traced distinctly from the trunk of the left superior intercostal vein (i, which is here 
larger than usual), passing down through the fibrous layer of the pericardium, and 
entering its now narrow fold of the serous membrane (c"). Still later (Plate IV. fig. 9), 
the traces of a continuous cord above the pericardium are difficult to follow, and at 
the full period of foetal life it is generally impossible to find in that situation more 
than a few fine vertical fibrous bands lying close beneath the pleura. The little fold 
of the pericardium, so often alluded to, soon after the closure of its contained vessel, 
sinks, as it were, into the interval between the left pulmonary artery and veins 
(Plate III, figs. 5,6 , c"), where it is found in all future stages, and increases in size with 
the other parts (Plate IV. fig. 9, v). Below the fold, the remnant of the closed vein 
descends upon the left auricle, and may be traced for a time, as a slight ridge, but after¬ 
wards, when the auricle enlarges, as an opake line or streak, passing close beneath the 
lowermost pulmonary vein, down to the apex of the pouch-like pervious portion of the 
primitive vein (Plate III. figs. 4,5,6; Plate IV. figs. 7, 8,10, c", and 9, /). By the period 
of birth (fig. 11), this opake streak (/) has usually become interrupted or obscured. 

c. Concurrent and subsequent Changes in the Pervious Vessels. 

Contemporaneously with the shutting off of the left primitive venous channels, the 
cross branch in the neck (Plate III. figs. 1 to 6 , d) enlarges and, together with a short 
portion of the left primitive vein below the entrance of the left subclavian, forms the 
left innominate vein; a small piece of the right primitive jugular, included between 
the entrance of the right subclavian and the junction with the cross branch, becomes 
the right vena innominata $ whilst the remainder of the right primitive jugular, below 
the cross branch, together with the corresponding canal of Cuvier, becomes widened 
and forms the superior vena cava (h). At the junction of its two constituent parts, 
the vena cava receives the metamorphosed right cardinal vein, now the vena azygos, 
in which the right superior intercostal vein generally ends. 
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* All the figures in this Plate, excepting fig. 11, are enlarged to two diameters. 
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the yet undivided auricle, and is drawn with it, in the general movement of the heart, 
over to the right side. This being premised, it is easy to follow the changes which the 
lower pervious portion of the left canal of Cuvier undergoes, after the complete occlu¬ 
sion of its upper part, represented now by the opake streak (fig. 9, /) on the wall of 
the left auricle, and by the minute fold of the pericardium (a) already described. For 
a time, tbolower part of this canal persists as a conical pouch (Plate III. figs. 5,6, c'); 
but subsequently (Plate IV. figs. 7> B, from an embryo, inches long) this conical 
venous channel becomes elongated; its upper part forms the oblique vein already 
mentioned, whilst its lower part (s) pursues its course to the right along the auriculo- 
ventricular furrow. The coronary vein (g), properly so called, is now seen to end, 
not in the right auricle itself, but in this venous channel y falling into its under side at 
an acute angle, at a short distance from its termination in the auricle. Still later, in 
a foetus 5 inches long, from vertex to coccyx, the same facts are as plainly observed 
(figs. 9, 10); and ou cutting open the veins at this period, a narrow oblique venous 
channel (o), tapering to a point as it ascends to the left along the back of the auricle, 
may be traced from the point of entrance of the true coronary vein (g) upwards to 
the opake streak (/), seen on the wall of the auricle; whilst below the entrance of the 
coronary vein, the venous channel becomes dilated ( s) as it passes to the right, re¬ 
ceives several cardiac veins, including generally the middle cardiac, and ends in the 
lower part of the right auricle, close to the interauricular septum, by a somewhat 
contracted orifice, which is guarded by a rudimentary valve. This wider lower por¬ 
tion of the persistent venous channel can even now be recognized, in all respects, as 
the coronary sinus y and the valve beginning to form at its auricular orifice is the 
Thebesian valve. The opening of the true coronary vein into it is marked by a 
sharply-ridged margin, but as yet there is no valve there. 

As development advances to the full period of foetal life (fig. 11), the proper 
coronary vein (g), and the coronary sinus (■ s ), become gradually more continuous in 
direction than heretofore, but the difference between them can be easily discerned, 
even externally. The muscularity of the sinus, as distinguished from the vein, be¬ 
comes evident, and the opening of the latter into the former is protected by a valve, 
the two segments of which are for a time narrower in proportion than in the adult. 
Above the entrance of this vein into the sinus, a rounded recess leads upwards and 
to the left into the small oblique vein (o), which, taking the course of the primitive 
vessel, of which it is evidently the remnant, runs along the back of the left auricle, 
about half-way to the root of the pulmonary veins, and there ends in the opake 
streak (/) previously mentioned. This small oblique vein is crossed superficially by 
the muscular fibres of the left auricle; it is peculiarly straight in its course, and 
receives tortuous branches from the walls of the auricle. 
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d. Changes which take place at Birth. 

The shrinking of the dnctus arteriosus, and the simultaneous enlargement of the 
pulmonary artery and veins and of the left auricle, are accompanied by changes in 
the intrapericardia? remnants of the left primitive vein. The pericardial fold is, as it 
Were, invaded by the enlarging pulmonary vessels, and becomes relatively shorter, 
and more deeply concealed between the left pulmonary artery and the subjacent vein. 
The narrow opake streak running around the root of the pulmonary vein and along 
the back of the left auricle, pursues a longer course, and becomes attenuated or , 
broken up. Lastly, as the left auricle expands, the oblique vein is less evident, and 
the true coronary vein and the coronary sinus become more alike to each other in 
direction and diameter. 

Vestiges in the Adult Condition (Plate I. fig. 1, Plate V.).—The relation of the left 
superior intercostal vein to the primitive vessel in different cases has been already 
noticed. Commencing from the trunk of this vein (Plate V. *), there may frequently 
be traced a few vertical fibrous hands (f) lying beneath the pleura, posterior to the 
phrenic nerve, and usually accompanied by small blood-vessels and by a fine branch 
of the vagus nerve (13). Generally one of these bands may be actually followed 
to the left superior intercostal vein; and in most cases they are continued downwards 
through the pericardium into the pericardial fold. 

This fold (Plate I. fig. 1, and Plate V. v), which might be named the vestigial fold of 
the pericardium, may be compared to the broad ligament of the liver, after the closure 
of the umbilical vein. As far as I know, it has hitherto escaped attention, though it is 
probably always present in the ordinary condition, as I have found it in twenty-two 
ad pit hearts*. In one instance, it could not be distinguished in consequence of com¬ 
plete adhesion of the pericardial surfaces, and in another, adventitious bands of mem¬ 
brane occupied its usual position. Sometimes it is obscured by fat, deposited within or 
near it. To demonstrate this vestigial fold and the opake streak continuous with it 
below (which are almost unavoidably injured by dividing the great vessels within the 
pericardial sac), the heart, great vessels and pericardium, should be removed in con¬ 
nection with the root of the left lung; after which, on opening the pericardium and 
drawing asunder the left pulmonary artery and the subjacent pulmonary vein, the 
fold will be seen passing nearly vertically across the deep interval between those 
vessels (Plate V. t>). Besides a duplicature of the serous layer of the pericardium, 
including cellular and fatty tissue, the vestigial fold contains some fibrous bands, 
small blood-vessels and nervous filaments. Its opake well-defined and curved mar¬ 
gin is commonly from half to three quarters of an inch in length, bttt I have once 
found it measure upwards of an inch and a half. It varies in thickness in different 

* Sinac states (Traitd du Mouveraent du Coeur, &c. Paris 1749, p. 14) that Halls*, in his account of the 
reflections and cornua of the pericardium, following Eustachws and LAtrcisi, has described, amongst many 
others, a falciform process (/mis) between the left pulmonary artery and veins; but I can only find in Hauh 
a description of a •* saccus ” or depression between those vessels. 
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cases, and it may be from half an inch toan inch in depth, according to the nature 
of the interval between the pulmonary artery and vein. Above the pulmonary artery* 
the vestigial fold blends with the pericardium, and its fibrous bundles may frequently 
be traced into those already described as passing beneath the pleura up to the left 
superior intercostal vein. Its lower end is lost on the side of the left auricle in 
the narrow opake and often interrupted streak (/), which courses around the root of 
the lower left pulmonary vein. This streak represents the part of the left Cuvierian 
canal which has undergone the greatest amount of obliteration, and it is sometimes 
almost entirely wanting. In the same situation scattered whitish bands are com¬ 
monly seen beneath the serous membrane of the back of the left auricle, closely con¬ 
nected with the muscular fibres and descending towards the oblique vein: amongst 
them there are some fine branches of nerves. They mark only the track of the pre¬ 
viously existing vein. In some instances a prominent ridge exists in their place upon 
the back of the auricle. 

The small oblique auricular vein (o), which has been shown to form part of the per¬ 
vious portion of the left canal of Cuvier, is remarkably constant; and indeed has 
been recognized by some of the early anatomists as a branch of the great coronary 
vein*. This short vessel is readily distinguishable from its tributary branches by its 
direct course, a character not possessed by the cardiac veins generally. Moreover, it 
is as it were imbedded in the walls of the left auricle, so that it appears covered by 
muscular bundles, like the coronary sinus itself. Frequently it measures from half 
an inch to an inch in length, and sometimes is as large as a crow-quill, but more 
commonly it is smaller, and will admit only the head of a pin. I have once seen it 
an inch and a quarter in length, and as wide as a common goose-qnill; but, however 
large it may be, its opening into the coronary sinus is never provided with a valve. 
Its upper end either tapers and ends in a fine branch ; or, as more frequently found, 
especially in young subjects, it does not alter much in width as it ascends, but ter¬ 
minates rather abruptly, and receives, close to its extremity, one or two tortuous 
lateral branches of nearly equal size. 

In some instances I have found a long slender vessel ascending from the upper 
part of this short, vein, along the back of the auricle into the vestigial fold, and ulti¬ 
mately through the pericardium, just above the root of the left lung. It there joins 

♦ It is represented by Rtttsch (Tbesaur. iv. tab. 3. fig. 1). and also by Senac (op. cit. planche 2). 
Haller (Oper. Minora, t. i. lib. i. p. 11) speaks of one particular branch of the great coronary vein coming 
from the left auricle. Thbile (SonaciiEamfxo's Anatomy) has a similar statement. This small vein has also 
been occasionally indicated in drawings of the heart given for other purposes; and it may be seen readily in 
most injected hearts preserved in anatomical museums. 

Vieussbns (Traitd du Cceur, pp. 2, 55, planche 1. fig. 2, and planche 5. fig. 2) mentions and represents in 
two instances, as if ordinarily present, a large branch of the coronary vein in the situation of this oblique vessel, 
which he describes as returning the blood from the pericardial sac. Haller remarks (Op. Min., t. i. 12b. t. 
p. 11, note) that he has never seen this vets of the pericardium, which is certainly represented by Vibussews, 
both longer and wider, than, according to my experience, the oblique vein ever is in the htmmt heart. 

U 2 
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a rfmall brsneh descending from one of the* veins accompanying the phrenic wm, 
and so isconneetedwhh the left auperior intercostal vein/ This Blender vessel, which 
receives ma ny little branches along its course, is not-however part of the metaraor- 
phosed left primitive vein, but is formed by the enlargement of the minute mason* 
feting-veins:of the parts which occupy the position of tbe obliterated vessel. Iu one 
c tee indeed, which was carefully disseeted, the lower end. of this small vein; was found 
not td coincide with the trunk of the oblique auricular vein, but to fall into, one of 
t be later al tortuous.branches of that persistent vessel. . .t < r; . < 

Tbearrangement of tbe valves ia the coronary sinus in the adult has beeafaUyde* 
sCribed in tbe introduction to this paper. The abrupt commencement of the sinus, 
pointed out by DivJ. Rbid, isowing to a rounded 'recess* formed on tbe auricular 
side of theprincipal valve,{Plate L fig. 1,*), into which the unvalued orifice of the short 
oblique, vein (e) is constantly found to open. The sinus itself is described by tbe 
same observer as ,having “ the appearance of a muscular reservoir placed at the ter- 
mi na tion of the (coronary) vein, simitar to the auricles (auricle ?) at the termination 
of the two’cafvae;” but its relations ;to the left primitive vein ip the embryo, and its 
analogies in the lower animals, have not hitherto been mentioned by anatomical 
writers; though Professor Shamev has been accustomed to point out, in bis lectunes, 
the resemblance between tbe coronary sinus and tbe lower end of the left superior cava. 

OFMH •» / ' 1 * * -* •» s ' ’ * j }' '* . 1 *. 1 i i ! ‘ i 1 ’ J’- 1 >' 


^tL COMPARATIVE VIEW OF THE GRPAT ANTERIOR 'Gift's 't>J kf AN 'AND MAMMALIA. 

T ■« ■ 1 **• {*,,$<' , ; «»>.'•,. it *' ; ' 1 .)■<••> I 1 ,»r > 1 - •: ' « l < • - 

Our knowledge of, these veins in most of the Mammalia is still deficient, andmW 
of tbe descriptions which exist are incomplete in points of detail^, To .the informant!, 
gathered from other!sources, I may,add the results of observations made,by mysfIf 
on tbe veins of the Hedgehog, Rabbit, Rat, Mouse and Bat ; of ,tbfi qommop, Mplq, 
the Sheep, Ox, Hog, Guinea Pig and Horse.; and of the Polecpt.tbpSeaJ, tba Pog» ; 
the'Cattawltho,Monboy%„ i./j;,, m*.• i> >i ■■! ■ l. ■*.,■., i ,.i< *>, 


’ * ^ne* the observations andtleductronitoOtallied in this paptr tvefe' completed, knd ‘ 

vtea, I hate tick htUhri'-fth'ihd'Btli Ntf. of'Mek,t'E*'4 ntehi^f«'1848; hiihortI bnf ittthWtfi*? Wrtni 


MMateednaby br^ &mDttdinMrof Ol ea sen r entitled .it Ueber v*na ozygeeii kemi,*3ygq» bd* eowdvin eqTd» 
bm T 6&ugethkren,” in which,* 4fter classifying the*different Mammalia *cc?rdjug,tg;the cpn^itjpn o$Jttys 4*W9i I 
and Hemi-azygos veins, as observed by Raters (op. cit. |838) and himself, into foqr groups,—yiz. 1^ those 
having neither of these veins ; II, those having both ; III, those having an azygos only; and IV.' those having 
a hemiazygos only,—he arrives, from a comparison of the Adult condition of the 1 vefids id the dx&hhmt ones* 
at the same conclusion as myself id regard to the analogy of the cbroftary slims with the loWer^att of th^ieft 


vene Uz^gos or left vefta cava superior* " If," he says, +'tbe left canal of Guvib*. contimirsin fcdwiection with 
the left jugular vein, so as subsequently to form the left vena cava superior, the coronary vein is said tp open 
into;the left superior cava. If all the blood is conveyed across the neck by the anastomosing blanch between 
the left and the right jugular veins, and the portion of the left jugular between this crqss brunch and the left, 
canal of Guvier disappears, the last-named vessel continues to be connected with the intercostal system only $ 
and then the coronary vein may be said to end in the left or hemi-azygos, or vice vered. Finally,, this connec¬ 
tion of the left canal of Cuvier being also obliterated, there remains only that portion of the vessel in which 
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mrn hitherto blrierved iuthfe great aotbrior veins 1 bfthe 
Marirtndlfe ntdybC'&assified ttfecbhttogto^eimsmtmtbf deWationwhichtbeypresfent 
from'type; pointed ont lry 'R\TH«E, a8 orig?naJly dommon to dll tbeVertebrata, 

vlmhfttoffbtit-lateral primitive'eruflki.'' *> << > . ■ ’ 

'The'modifications of tibia type observed in ' the; cold-blooded 'Vertebrate are strictly 
df’a stbortiittate kind, affecting merely tWe felitivesitewhich particular Vessels ohi- 
diately acquire. Even in birds there is no fundamental deviation' 1 from theoriginal 
type. The four primitive lateral Veins persist. No' trttnsverse branch 1 is fornied aerosB 
thd rdbt of the neck, though a free communication exists between the jugular veins 
just ’benCath the skull The right and left superior ehvae remain independent 6f each 
other as ! originally laid down, and each receives its own azygos vein.'* ' •> ••! " 

* Afnorigst the Mammalia, hoWevef, there appears tb be ho instahce in WhrChsoitie 
change froth the common primitive' type does not take place. Throughout the whole 
class, so far as is known, there is the addition of a communicating branch acrbss the 
root of the heck, between the two anterior primitive venoos trunks. It is found even 
in the'low bird-like MonotremeS; and,’should it prove to be universal, it will con- 
sdttMe one chbratemristfe marie of the Mammalian venous system: ' ’ ' 

The fdrmatdon of this transverse communicating branch, which’'of necessity pre¬ 
cedes the occlusion of the left primitive vein in the higher mammalian etnbryo, ap¬ 
pears as the first, the simplest and the only change in the lowest forms of the mam¬ 
malian series. Superadded to. this preliminary step in the foetal, development, and 
superadded also in the highest forms of adult Mammalia and in Man, is found an- 

o'itieP’ctalngC, depending on one of two tnodes Of partial occlusion of the lteft anterior 

' ,l lu " ..«"• >« 

tfhii' Why thfei diffCrCnt perniancrtt conditions arise. In all of them the trans- 
vd^KcdhirtltthteatWin thC ntjcft e^lSti. 7 Tile fight VertOuS tftiiik rtHviys COnstitliteS 
the'Wds! cata'superior dl' tfcat ^idh; 'but thC left Vein either fbrmi,—A, ! a similar Mrge 
venous trunk on that side, named a left vena cava superior, which receives tile’left 
jpgp4ar,and,snhciaviftn vein8, the left iotercostalsand certain, cardiac yeins^oc.B, it 
is.,reduced to», smaller left-venous trunk, which receives merely the left intercostal 
veins and some cardiac veins; or, C, it remains as a still smaller vessel, receiving 
dtily h teW cardiac vein’s from the substance of the heart. These three Conditions 
accordingly.^rje distinguished'by severally , presenting— ' 

a left, vena cpva Sitperipf., , 

,> B. A right vena cava superior and a left azygos venous trunk. 

^G. A right vena cava superior and a left cardiac venous trunk or coronary sinus. 

tffe’veinli from the substance of the heart terminate, end which will then he recognized is the great coronary 

This is the condition In Nan and in' most Mammalia. ' In fact, in no mammalian does the' left canal of 
CffeViia Cntirely disappear. fiven Ih caa^s Where by to the largest portion of it is obliterated, that part which 
rtuik'aiding the posterior transverse furrow of the heart remains os the trunk of 'the cardiac veins.” I have 
availed myself of fer. Bardelebbn’s memoir, to introduce some additional examples of varieties of the great 
veins m iii&mals. ‘'* 1 
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Group A. A right and a left vena cava superior .—Thrs condition exists in a large 
number of the lower Mammalia, via. in the Monotremata* and Marsapialia^"; in 
most Rodcntia, as in the Dormouse*, Marmotte*, Rat^, Echimys*, Moase$$> 
Squirrel*^, Beaver*, Hamster*, Mole of the Cape*, HareJ and Rabbit *$}\ It is 
found a iso in the Elephant *j| amongst Pachydermata; and In the Hedgehog;};^ and 
Bat*|^ amongst Insectivora and Cheiroptera. 

In all each cases, the cross branch in the neck, when sought for, has been found. 
The left vena cava superior always descends in front of the root of the left lung, and 
then turns beneath the base of the heart, and after receiving the great coronary and 
other cardiac veins in its course, opens into the right auricle^[. 

Owing to subordinate modifications in the azygos veins, this group may be agaSn 
subdivided as follows:— 

a. An azygos vein on each side. 

a. Of equal size. 

Ex. Monotremes. Marsupials Q). 

b. Of unequal size. 

a. Left azygos the larger. 

Ex. Hedgehog**, Rat, Mouse**. 

0. Right azygos the larger. 

Ex. Rabbit. 

b. An azygos vein on one side only. 

a. A left azygos only. 

Ex. (?). 

b. A right azygos only. 

Ex. The Squirrel. The Hare. The Rabbit is a near approach to this 
condition, the left azygos being very insignificant. 

c. Azygos vein wanting (?). 

Group B. A right vena cava superior and a left azygos venous trunk .—This arrange¬ 
ment prevails in most of the larger quadrupeds. It occurs in the Ungulates, Rumi- 

* Meckel (Anat. Comp, par Jourdan, t. is.) U the authority for including these animals. 

t Meckel. Also Owen (Cycl. Anat. and Fhys.). 

t Rathkk (Dritter Bericht, &c. KOnigsberg, 1838). 

$ The Author. || Mus. Anat. of University Coll, and of Royal Coll, of Surg. London. 

H In the Marsupialia, and also in the Monotremata, the left upper cava joins the inferior cava just before that 
vein expands into the right auricle (Owen, Articles itsmp. and Monetrem. Oyd. Anat. and Fhys., vol. iii. 
pp. 807, 309 and 890). This peculiarity, which is particularly marked in those marsupials which have a large 
vena cava inferior (owing to the size of their hinder limbs), appears to be dne merely to an opening out, as it 
were, of the orifices of tire two veins, so that they meet and blend with each other. 

'* Eostachiu* (Opuscule Anat. de veni sine pari, p. 278) describes the large left azygos of the Hedgehog 
gad Mouse, and also a splitting of the inferior cava, in the former animal, into two branches, of which one is 
evidently the left upper cava. 
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oants and Solipeds, as illustrated in the Hog*fv Wild Boar and Guinea Pig^r; in the 
Sheep*'!", Goat*Ox*-f% DicotylesJ and Moscbus javensis^ and in the Horse-f\ 
It is also present in the common Mole^-. 

The cross branch in the neck is necessarily present and forms the left innominate 
vein. The left azygos trunk arching over the root of the corresponding lung, de* 
scends in front of it and then turns (like the left vena cava superior in the former 
group) beneath the base of the heart to reach the right auricle, being first joined by 
the great coronary and some other cardiac veins. 

Several gradations in the size of this left azygos trunk are met with in this group, 
which further observation on recent animals would probably render more complete* 
and which conduct by degrees to the third group, where the left venous trunk, re¬ 
duced to its smallest persistent remnant, receives only veins from the substance of 
the heart. 

Thus in the Hog, the left azygos trunk is very large, and returns the blood not only 
from its own side, but from the lowermost intercostal spaces of the right side also§. 
In the Sheep and Ox it is, comparatively speaking, smaller. Finally, in the Horse, 
it is reduced to a very fine vessel, so that the left venous trank conveys scarcely more 
than the blood from the cardiac veins; and in one case I found it quite closed as 
it passed along the left auricle ||. 

This gradual diminution of the left azygos trunk is accompanied by an equivalent 
increase in the size of the right azygos vein. For example: the right azygos is small 
and sometimes even wanting in the Hog; it is always an insignificant branch in the 
Sheep; it is very evident in the Ox; and very large in the HorSe. In the last-named 
animal it returns most of the blood from the left intercostal spaces also, and thus 
exhibits the reverse of the condition observed in the Hog; and approaches, in this 
respect, the characters of the third and last group 


* Eustachius (op. cit. p. 273) describes the left azygos in the Ox, Goat, Sheep and Hog, as pasting over 
the left brouchu8, and states that the coronary vein ends in it. Bartholine, Thom. (Hist. Anat. 84. Cent.ii. 
p. 322) appears to have seen the left azygos in the heart of a lamb. Lancisi (Epist. de venft sine pari, Mor¬ 
gagni* s Advers. Anat. V. p. 80) mentions the left vena azygos in the same animals as named by Ecstaceiits. 
Ridley (Observat. Medic. Pract. p. 219. In vitulo) says that, in the Sheep and Calf, the azygos is 
vein, which he imagined emptied itself into the left auricle or left pulmonary vein. Scarpa (Tabulae Neurolog. 
tab. 7. fig. 4) mentions and also figures the left azygos vein in the Calf u ending in the trank of the coronary 

_ • it 

Venn. 

f The Author. f Bardeleben. 

$ Correctly described by Lancisi (op. cit . p. 80). v 

|| It is said by Rathek to be absent in the Horse; and by Bardeleben in the Ass. 

^ The transition from this to the third group is exemplified not only in the Horse and Ass, among Solipeds, 
bat also in the Ruminantia; for I find that in the injected heart of the Camel (Museum of the Royal Coll, of 
Surgeons, London, Preparations 111,112), the only trace of a left azygos visible consists apparently of a rather 
lntge oblique branch of the coronary vein on the back of dm left auricle. The injected heart of the Tapir (Mus. 
Royal Cell. Surgeons, Preparation 105), m which animal Bardeleben says the left azygos is wanting, also 
exhibits a similar condition, the oblique vein being so large that it may be a rudimentary left azygos vein. 
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■ Group Ci A right vena cava superior, and a Ift cardiac venous trunk or coronary 
afoas.—This arrangement prevails in the higher Mammalia, as in the Whale*, Dob- 
phiu* and Porpoise* among Cetacea, in the Seal-f-, Walrus*, Dogf, Cutf, TigerJ, 
HyaenaPolecat-^- and Ermine}! among Carnivora, in the Quadrumana, us, for eM- 
ample, in two small species of Monkey T; and lastly, in the human subject. 

The.left primitive tfunk, now reduced to a cardiac vein, forms the coronary sinus, 
with its small oblique branch on the back of the left auricle, and baviug received,the 
great Coronary and some other cardiac veins. Opens into the right auricle. The oblique 
vein is more or less evident in different Cases. Thus it is large in the human sub¬ 
ject; very apparent in the Dolphin, snialler 'in the Porpoise and the Dog, less evident 
ih the Whole arid Walriis.and very small' in the' Seal, Cat and Tiger The vestigial 
fold ismore distinct ih Man than in any animal which I have hitherto examined ih 
the recent state; but it is readily seen in the Monkey, Dog and Cat. 

Almost invariably the right’ azygos persists, whilst the lower Intercostal veins of 
the left side, instead Of forming a left azygos venous trunk, unite into an azygos 
minor which joins the right azygos. Variations in the extent Of the azygos and azy¬ 
gos minor constitute subordinate peculiarities. In the Cetacea ||, the remarkable 
condition is found of total absence of the right azygos as well as of the left azygos 
vein. 

Peculiarities of the coronary vein and sinus in certain animals. —In the Ornitho- 
rhynchus, in which animal the left superior cava joins the inferior cava immediately 
before its termination in the right auricle, the coronary vein is said to open directly 
into the auricle by a separate orifice to the right of the inferior cava^f. It seems not 
improbable that in this case the vein in question is rather a posterior cardiac vein, 
ascending upon the back of the ventricles, the vessel in the ordinary position of the 
coronary vein being diminished in size or absent. In very small animals having a 
left anterior venous trunk, as in the Mouse and Bat, I have observed that this condi¬ 
tion exists**. 

The arrangement of the valves of the coronary and other cardiac veins at their 
respective terminations in the coronary sinus, the left azygos trunk or the left veqa 
cava superior, has already been examined and Compared (pp. 133, 134). As to the 
Thebesian valve, it is present in every instance in which the left venous trunk forms 

* Preparations in Mu*. Royal Coll. Surg. Loud.; Whale, No. 135; Dolphin, No. 127; Porpoise, No. 130; 
Walrus, No. 76; Tiger, No. 68: also Mua. University Coll. Lond. , . . < 

t The Author. J SsaoBLMstr. . . t . 

.$ Some of these observations hare been made only on dried injected heart*. . , , , , 

11 V°» Basr (Nora Acta Acad. Cks. Leop. Carol vol. xvii. p. 408}, also heart of, the Whale. Mua, Royal 
£«rg- LpnA l?rep.,Np, 135. ‘ , ‘j ‘ 

fagoted ip, frof, Owin'* Art, Cycl. Anat. p, ^). „ ' 

I*the small heartof.tbe conwnon.foFl. Jhough in]^e leapr.-beertof thepstriehthecotq- 
W mpwm its,umalposifioo and opens into the,Wt 
Fhya. vol. i. p. 330). ,, , ......... ... 


a } 
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a coronary sinus receiving' veins from thefceart alqne, as in Man, and in the Monkfey, 
Do^ and Cat/: but amongst those animals which have a left azygos or left superior 
Cam, St is certainly absent, as in the Calf, Bog, Sheeps Horse, Ass*, Rabbit and 
Hedgehog. v* • * i! J ; ■ '• ■ <> 


” 4 ' 'III. ^ANALYSIS' OT tAe VA1UETIES OF TkE GREAT ANTERIOR VEINS IN MAN. ' 1 

H 11 1 t ) i} > » 1 i 3 * 1 -u 'hi,- • • 1 . i « '! '-tJ j" ' <•'( * ‘ 1 J ‘ v * 

T|if di^jjent conditipns of the ^reat anterior v^ins in tjhie Mammalia having been 
cjassified according’ to their progressively increasiijg.deyiati^ thcf cornrnoq ver¬ 
tebrate tjpe, aiji jatteiipt maybemade,in analysing the varieties of these , vessels met 
.with t in. Ma^, to retrape the seizes from forms presenting the mostpomplex metarapr- 
pbosijito such a^ uianifest^ no fundamental change whatpyer. In this series th^ 
ordinary condition of the ve^ps is included, as th *z most frequent ^cfual variety. 

The formation of the crosf branch at the root of the neck being regarded asythe 
initial step in the metauporptiosis of this portion, of the human as of the mammalia^ 
venops system, the varieties of these veins in Man may be divided into two classes, 
according to the presence or absence of this transverse branch. 

Tiie occurrence, in one or another degree, or the entire failure of the subsequent 
stage of the metamorphosis, viz~ the occlusion of one of the lateral primitive veins, 
suffices, \o distinguish the Jirst class of varieties into three groups, porresponding v^ith 
those already indicated as the regular conditions in different Mammalia. A. In the 
first group, comprehending the normal condition, in which the occlusion is of the 
greatest knpwngxtent-^, the persistent portion of the vein, after metamorphosis, con¬ 
veys only the blood from the substance of the heart, and forms a cardiac venous 
trank . B, In the second, it would also return the blood from its own side of the 
thorax^ and thus constitute an pzygos venous trunk. C. In the third, where no occlu¬ 
sion occurs, it transmits the blood frtfiii the wljole of its own side of the upper part 
of the body, and is then a second vena cava superior. 

Iff t}ll of these cases, one of the lateral primitive veins is developed into the ordi¬ 
nary vepa cava superior, and in most instances this is the vein of the right side, whilst 
that of tjie left undergoes metamorphosis j but the reverse of this may happen," as 


'♦‘RfeiO (Art?. Ifbatt, Cycl.Anat. and Phys. p. $9P). ** "i, » ‘ i 

t It has already been shown that complete occlusion of this primitive vein (i. e. from the neck down to its 
entrance id the right auricle) does hbt (’as RaVhxe supposed )6ccur, in the ordinary condition, eVen of the 
highest Mammalia or of Man, nor has it yet beeii seen as an occasional Variety. ‘That it ever does happen is 
scarcely probable; for just as in the utmost known amount of abnormal obliteration of the inferior cavk, the 
hepatic veins always concur to form a "short inferior trunk, ‘Which opens into the right auricle, so the confluence 
of thi corbhary ana other cardiac veins may set a like limit to the occlusion of the left anterior primitive venous 
trunk. Nevertheless, it is possible that the process might extend to the closure of its lbWer end or coronary 
sinus also, the blood frditi the substance 6f the* heart then returning' to the right auricle directly through en¬ 
larged knterifer dr posterior caftfiab vefns, 1 or taking some aftdgether diftbrent COUrse. In a curious case re- 
coriiedby ids Cat, kudHerOafter to be particularly mentioned, the auricular erid of the 1 left'primitive *eih 
seems really to have been closed, though its channel continued pervious up to the neck. 

MDCCCL. X 
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when the viscera are transposed; so that transposition, as an additional cause of 
peculiarity, may affect any of the preceding groups. 

Lastly, the three principal groups may present subordinate variations, depending 
on peculiarities either in the upper vena cava itself, or in the azygos veins, or in the 
coronary vein of the heart. 

In the second class of varieties, in which no cross branch is formed in the neck, 
both of the lateral primitive veins are necessarily persistent, each carrying back the 
blood of its own side. Such cases may also present peculiarities in the azygos system, 
or may be complicated by transposition of the heart. 

Though the records of the varieties in these great veins in the human subject do 
not as yet supply examples of every conceivable deviation, and though the descrip¬ 
tions of many are somewhat obscure or incomplete, they appear to admit of arrange¬ 
ment according to the scheme just mentioned. 

CLASS I. TRANSVERSE BRANCH IN THE NECK, PRESENT. 

Group A. The second anterior venous trunk reduced to a cardiac venous trunk. 

a. Without transposition . A right vena cava superior , and a left cardiac venous 
trunk or coronary sinus.— This is the ordinary condition of the great anterior veins. It 
is accompanied by numberless subordinate modifications, occurring either in the right 
superior cava itself, or in the azygos systems, or in the coronary vein of the heart, and 
includes by far the greater number of the recorded varieties of these veins. 

a. Varieties in the Right Superior Vena Cava. 

These appear to be very rare. A presumed example is recorded by Rosenthal*, 
in which, the auricles and ventricles being undivided, two superior veins, called two 
superior cavse, joined immediately before ending in the single auricle, into which 
however they opened by separate mouths. In this case the upper cava may have 
been shorter than usual, so that tbe two superior veins were the venae innominatae; 
but the description is not sufficiently full-f*. 

b. Varieties in the Right and Left Azygos Systems. 

These are exceedingly numerous, and require to be referred to several beads:— 

1 . The right intercostal system consolidated, the left intercostal system broken up .— 
In this, the most frequent arrangement, the right intercostal veius end principally in 
the azygos vein, but partly also in a right superior intercostal vein. The left inter- 

* Abhandl. aus dem Gebiete der Anat. Physiol, und Pathol. Berlin, 1824, p. 150. 

t It may be here mentioned that Wkbse (De Ectopia Cordis, Ac. 1818, Berolin. sect. 37, 48) has twice 
found the left innominate vein (the primitive cross branch) in malformed foetuses, passing across the neck be¬ 
hind the trachea and oesophagus. 
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costal system loses its integrity as development goes on; its middle and lower por¬ 
tions end in the azygos vein, either through an azygos minor, as in the usual case, or 
if that vessel be wanting, by independent intercostal branches*, or by both of these 
ways together^*; or its lower branches may descend to the lumbar or renal veins'f'. 
Its upper portion forms a left superior intercostal vein. 

The azygos vein, in these cases, formed towards its termination by the persistent 
trunk of the right cardinal vein, usually ends in the upper vena cava (the right 
canal of Cuvier), but its place of termination is said, though very rarely, to be 
moved on, as if by the fusion of the canal of Cuvier with the right auricle, so that it 
may end in the auricle itself}:, or even approach the neighbourhood of the inferior 
cava, within the pericardium§(?), as occurs in some animals. 

The right superior intercostal vein, which is not formed by any part of the primi¬ 
tive venous trunks, frequently joins the arch of the vena azygos itself |j; but, with¬ 
out any other coexistent variation, its place of opening may be removed to the upper 
vena cava||, to the right innominate|j, or subclavian veins^f, or even to the vertebral 
vein**. 

The left superior intercostal vein, the trunk of which is generally formed by the 
metamorphosed portion of the primitive left jugular vein, immediately below the 
transverse branch in the neck, is, when present, almost constant in its mode of ter¬ 
mination, ending at the underside of the commencement of the left innominate 
vein-f^. 

2. The right intercostal system retaining its integrity , but unusually large .—There 
are various degrees of this condition, in which the azygos vein, besides receiving all 
the intercostal branches of its own side, including the superior intercostals, is joined 
by more than usual, or even by all the separate branches of the left sideJJ. In this 
latter case the ordinary left superior intercostal vein is very small or wanting, the left 
primitive jugular trunk having become obliterated quite up to the cross branch in 
the neck, as exemplified in the embryo, Plate III. fig. 4. 

A still more remarkable enlargement of the azygos vein has been rather often met 
with, in those cases in which, the inferior cava being deficient, the azygos conveys all 
the blood usually brought back by that vessel excepting what returns from the liver, 
which continues to pass by a short hepatic venous trunk directly into the heart. The 

* Sokmmerring (De Corporis Humani Fabrica, vol. v. p. 373). 

t Breschet (Recherches sur le Systfeme Veineux. Note, p. 8-10). 

I Cheselden (Philosophical Transactions, 1713, vol. xxviii. p. 282). There is a doubt about this case, 
which is again noticed in p. 161. Breschet (op. tit. p. 9. note) in a child ten to twelve yean of age. Sokm- 
mkrrivg (op. tit. p. 372). 

§ Sosmmkrrino (op. tit. p. 376). 

(i Breschet (op. tit. p. 12). 

f Hildebrandt (Lehrbnch der Anat. des Menschen, 1803, vol. iv. p. 261). 

** Haller (Element. Physiol, t. iii. p. 107; also t. i. lib. iv. pp. 308, 320). 

ft HiLniSRANDT (/. c.). tt Breschet (/. c. j also pi. 1. livr. i.). 

x 2 
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cwriseof the lower part of this devious vein may vary; bnt above, it miayatways be 
identified as the enlarged azygos (originally the right cardinal vein*j)l ■ <'• *'i 

3. The trunks of the right and left intercostal systems neatly eqttali^'Five several 
. modifications of this condition constitute the different varieties of>so-called' double 
vena azygos-, bnt ahbougii the azygos minor or hemi-azygos is in all these cases much 
enlarged by ! corrsolidation of its parts, yet it mii9t be careAilly discriminated from 
that’trtte form of left vena azygos whieh tfxists, for example, in ttfoStieepy arid* in 
some animals having a left vena oava soperkwj ■ m i:! >.t n : .« .* ■ j 

one set of these cases, the size and termination of the azygos vein itself befing 
as usual, the azygos minor, enlarged and extending higher than ordinary* crosses 
over to the right side and joins tbe azygos vein near to or at its 1 termination ^in the 
sdperior-eava-f*, or ends id the upper oava itselfOr even it has been slrid in the right 
auricle fy. ! Most frequently, the. azygos vein ending as-usual; the enlarged azygos 
mihor df ; left azygos, Us it Is often called* ascends oa its own side and ends in the 
plaoe df the left'Superior intercostal vein in the left vena- innominata; tts if by per¬ 
sistent Connection of the left cardinal vein, with the short'part of the left primitive 
jugular below thO'Cross branch In the neck ||. .. .. .1 1 ■■■■< , 

* 1. Winslow (Exposition Anatomique, &c. t. iii. pp, 119 and 157). This example, which is clearly de¬ 
scribed, seems to have beeh bv^rloolted. * ' ' ' ' '' ‘ v * 

2. ^.BKRNETjpy (Philosophical Transactions, 1793, p. 69). The preparation is figured in Prof. Quain’s Ana¬ 
tomy of the Arteries, pi. 5. fig. 5. The aorta arches over the right bronchus as well' as the vena azygos. 

‘ 3. ^istar (A System of Anatomy, &c. Philadelphia, 1811-14, vol. H. p. 3*20).' Thfe was originally re¬ 
garded as an example of absence of the azygos vein, the enlarged vessel being considered as the inferior cava, 
rising higher up than usual, and ending in the vena oava superior. It is so quoted byGuRLT (ut infra)* 'Hit 
specimen was found in 1813, and afterwards given by Wistar to Dr. Horner, by whom it has been correctly 
described and explained in the Journal of the Academy of Natural Sciences of Philadelphia, 1818, vol. i. part jj. 
p. 407 (with a plate), Otto (Lehrbuch der Anat. Patholog. p. 348, note 30) has been thus led to reckon it 
as two separate cases. 

4. Jeffbay. This preparation, mentioned by Otto (op. cit. p. 348) as having been *een by him in the col¬ 
lection of Prof. Jrvfray; is, as I am informed by Prof. Allen Thomson, wow in the Museum at Glasgow. - 

5. Otto himself (/oc. cit. and seltene Beobacht. p. 67) met with an instance, which woe afterward* fuljy 
described and represented by Gurlt (De Venar. Deformitatibus, &c„ 1819, p. 20) ♦ 

6. Weber (Rust’s Magaz. &c. vol. xiv. p, 536). 

t Halls* (op. cit t. iii. p. 107), Winslow (*p. ait. p. 121), Sandifort, three cases (jQbserv. Anat* Path, 
lib. ii.c. vii. p. 126, and lib. iv. p. 12), 

- $ B labi us (Observat. Anatom, p. 116; also Observ. Medic, p, 53, tab. 7. 6g» ii. 1711). . Sanwport {op* 
cit* lib* iv.. p. 98). f ,, , . 

'•'$ StLYivs, Jacobus (Opera Medica, Geneva, 1635, p. 144), lu the body of Antonhjs Ma**a, Chirurgns* 
two azygos veins were found, “unam ab aure dextru, alteram inferiarem a cavA oonft adapertft.’’ k is as¬ 
sumed by Eustachiub (Opuscula, &c. p. 274) that this was an example of double tasygoe, one left and the 
ofcbeC right, hut the brevity and obscurity of the original account render it'hnposaible to decide on it* true 

j 1 

M|| Afdrt> q£ th» ctaes recorded as examples of " double vena azygos ” are.of this hind., ^eeEusTAeiutoa 
(Opuscula Anat. p. 274,; and Explicate Tab. Anat. by Albinos, tab> 4 v fig». iuu). IrAiicnei (De Vend 
sine pari, in Morgagni's Advers. Anat. V. pp. 82, 87, 94). Winslow (Expos. Anatom. T. III. p. 121). 
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A/tarkly of double? vena/azygos^is degcfibed^iby Bartholin#, which may hmq 
been owing to the azygos and azygos minor, of nearly equal size; ending in the #op- 
responding superior intercostal veins*. * .* 

- 17 . Inf other kinds of double azygos, a right and a left vain coexist, and becoming 
widened below, discharge themselves in the lumbar or emulgent veias^ . . ^ ^ f 

>k4* The right intercostal system broken up, theleft mare consolidatedmln itbis sotner 
what;rare condition, the trunk of the azygos vein is reduced to a very small vessel, 
ending as usual in the superior cava; but most of the right intercostal veiostpas&oiyer 
to the left side, where they form a large left azygos ending abovte in the loft innomi¬ 
nate vein through.the left superior int^ .. 

. 6 . The right azygos vein entirely wanting .—-In all the preceding? wietias, of ,the 
intercostal system of veins, with their intermediate gradations (excepting | 8 ), 
vena azygos is still present, though sometimes represented by a 1 very? small vessel. 
The persistence of the right cardinal vein, is therefore,remarkably constant. Itis 
possible, however* to conceive this vessel to be entity obliterated, so that there 
should be no vein arching over the right bronchus to end in the upper, cava, No 
perfectly unexceptionable example of this condition has been recorded^ i liK 


c. Varieties in the Coronary Vein of the Heart . 

As might almost be anticipated, these are few and very rarely occur. One instance 
is mentioned by Mkcksl and one by Jeffray in which the coronary vein ends in 
the left auricle ||. The most unexpected deviation, however, is that in which the 
blood of the coronary vein reaches the heart through some remote vein instead of 

Mascagni (Syst. Vaa: Lymphat. tab. 19). Haller (Element. Phys. t. iii. sect. i. p. 107)* Otto (dp. eit . 
pp. 847, 348, notes 18. 20). Wtusbb*g (Be Vend Azyga duplici, &c. 1778. Observat. 1 and 2). Witim 
(Comment. Petropol. vol. xii. p. 318). Bjibschet (he. cit. p. 9). Lauth (Manuel d'Anatomiste. Paris, 1826, 
p* 592); and several other authors. • J : 

* B^rthoLine, Thom. (Hist. Anatom. 84. Cent. ii. p. 822. 1641). "I have often seen,” he shys, “in 
mad arid animals a double vena azygos, one on each side, leading from the axillary veins.’* 
f Eustachius (Explic. Tab. Anat* xxvi. xxvii.)* BnRscii&T (too, cit.). 
t Valentin (Journal de Mddecine. Paris, 1791, tom. 86, p. 238). > 

^ One ft related by Wkisberg (op. eit. Observat. 3), which, he remarks, was unique m 200 observations; 
but it seems probable that the vein was here obliterated by the effects of pressure. There was no azygos 
ending in the dpper cfeva, hut all the blood from the right side passed into the left vein, which was very large, 
and joined the left subclavian opposite to the termination of the thoracic duct. The subject waaia boy, aged 
five years. The right lung wets changed into a solid Substance (steatoma), and it Was universally and firmly 
adherent. Large hardened bronchial glands were found along the right side of the trachea down to the brou> 
chuS. On the left sidfr the lung wasfree. . 

|[ Mboxitl (Handbuch derMensch.'Anat< vol* iii. pi 67).< Uncase id also described by LmnWca (Disa. 
de Lymph. Syst. Halm, 1787, p. 21). Jkffray (Observat. on the Heart of the Foetus, p. 2). The preparation 
which exhibits this vetf reAriafkabJe deviation, is now in the Musewof the University ef Oiasgow, aad has re¬ 
cently been oamfidly te^examined hy Professor Allen /Thomson and Professor SaARPisV. ; m * < 
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through the corooary sinus. Lb Cat* has recorded the following interesting variety, 
occurring in a child eight days old, in which he found “ les veines coronaires rlunies 
dans un seul tronc, qui sans p£n£trer dans i’oreillette droite, se jettoit dans la veine 
souclaviere gauche. 9 * The course pursued by this single trunk from the heart to the 
left subclavian vein is not described; and, anomalous as this remarkable case has 
hitherto appeared, it is, perhaps, an example of the closure of the orifice of the left 
primitive vein in the right auricle, accompanied by a pervious condition of that 
vessel up to the cross branch in the neck. 

When the posterior cardiac vein is large and ends directly in the right auricle*^, 
the great coronary vein and coronary sinus may be comparatively small, but in¬ 
stances of its extreme diminution, or entire absence, only occur with some other 
deviation $. 

b. fVith transposition . The vena cava superior on the left side, and a coronary sinus 
on the right side .—When the arch of the aorta passes over the right bronchus, the 
veins do not always suffer transposition also, for in those cases in which the aorta 
regains the left side of the vertebral column as it descends, the vena cava superior, 
together with the azygos, continues on the right side^. But in complete transposi¬ 
tion of the viscera (including the heart and great arteries), the vena cava superior 
descends on the left side, and the azygos vein is transposed to that side also ||. Here, 
the metamorphosis by occlusion has affected the right primitive veins, instead of the 
left; and, the heart itself being entirely transposed, it is presumable that there would 
be found, in a recent specimen, a right cardiac venous trunk, that is to say, a coronary 
sinus on the right side, receiving the great coronary vein, together with an oblique 
auricular vein, a vestigial fold and the other remnants of the occluded second primi¬ 
tive venous trunk, as in the usual case. 

* M^moires de l’Acad. des Sciences, 1738, Hist. p. 44. This is a case already referred to in the note 
to p. 153. Dr. John Reid (Cyclop. Anat. and Phys. Article Heart , p. 597) has suggested that Socmmea- 
iuno had Lb Cat’s case in view, when he states (De Corp. Humani Fabr. vol. v. p. 340) " rarissime vena 
hsec in vena subclavid dextrd finitur,” being probably misled by an inadvertence of Hallkh, who, in quoting 
the case, has substituted the word " dextram" for " sinistram ” (Elem. Physiol, t. i. p. 375, editio 1757). It 
may be added, that the termination of the coronary vein in the left subclavian is, as explained in the text, 
readily reconcileable with the mode of development. 

t Otto (op. cit. p. 347, n. 8) and other authors. 

t In one instance recorded by Lemairb (Bull, des Scicnc. Med. 1808, vol. v. p. 21), two coronary veine are 
said to have joined a pulmonary vein, and so reached the right auricle; but the facts seem to bear another 
explanation, the pulmonary vein in question being apparently a left superior cava descending in its wonted cir¬ 
cuitous course beneath the root of the left lung, and receiving two cardiac veins as usual. 

$ Abernkthy ( loc . cit.) and other cases by Fiorati, Sandifort, Cailliot, J. F. Meckel, Bibnhabd, Otto, 
Ac., quoted in Quain's Arteries, p. 18. 

0 A specimen in the Museum of University College, which is described and represented in Prof. Quaxn’s 
" Anatomy of the Arteries” (p. 17, plate 5. fig. 3). Haller in the right foetus of a double monster (De 
Monstri Dissection, i. 1739; Opera Minora, t. iii. p. 102). For references to other cases, see a paper by Dr. 
Watson, Med. Gazette, June. 1836, p. 393. Also Mr. W. Clapp, Med. Gazette, Jan. 1850. 
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Transposition of the great anterior veins may be further complicated by subordi¬ 
nate varieties, as for example, in the intercostal systems ; and it is interesting to find 
that one of the most remarkable of the deviations met with in the azygos vein when 
holding its customary position, has been observed also in the transposed vein; viz. 
its excessive enlargement to enable it to return the blood from the lower half of the 
body, in cases where the inferior cava is deficient, and is represented only by the 
trunk of the hepatic veins*. 

Lastly, the great anterior veins do not appear ever to undergo transposition, unless 
the heart itself be reversed-^. 

Group B. The second anterior venous trunk, an azygos venous trunk existing on the 
left side, or by transposition on the right. —This condition, which is regular in the 
Sheep, Ox, Goat, Pig, &c., has not, as far as I know, been met with as a deviation in 
the human subject, even in the most complex forms of transposition or malformation; 
but it is here referred to as one that may possibly be yet detected 

In the cases hitherto recorded as examples of a left vena azygos in Man, the un¬ 
usual vein, as already fully particularized (pp. 156, 157), has ended in some of the 
branches or in the trunk of the vena cava superior. A true left vena azygos, however, 
sometimes exists in the human subject, in connection with an additional superior 
cava, as will immediately be shown. 

Group C. The second anterior venous trunk , an additional vena cava superior . 

a. Without transposition. In these cases the heart and great vessels, as well as 
the other viscera, holding their usual position, the superadded vein is a left superior 
cava. This condition constitutes that interesting variety of the great anterior veins 
commonly named double vena cava superior , in which the arrangement of the vessels 

* Herhoi-dt (Abhandlung der K. Acad, zu Kopenhagcn, 1818). 

M c Whinnik (London Med. Gazette, 1840). The preparation is in St. Bartholomew's Hospital Museum, 
and is figured in Quain's m Anatomy of the Arteries," Ac. (pi. 5. fig. 4). In both of these instances the 
transposed azygos receives all the branches of the inferior c&va excepting the hepatic veins, and turns over the 
left bronchus to end in the ordinary upper cava, which, however, is on the left side. 

t In an interesting case recorded by Wilson in the Philosophical Transactions, & vena cava superior, 
together with a perfect vena azygos, is found on the left side only of the thorax. This does not appear to 
have been an example of transposition of the right vein over to the left side; but rather one in which, the heart 
being reduced to a single auricle and a single ventricle and not transposed, the ordinary right upper cava is 
entirely wanting, whilst a true left upper cava alone exists, pursuing, as usual, a circuitous course to the heart 
(Philosophical Transactions, 1798, p. 346, with a plate). A case of ectopia cordis. The child lived seven 
days. 

Stand ert (Philosophical Transactions for 1805, Part II. p. 228) gives an account of a child's heart, with 
undivided auricles and ventricles, in which the same condition of the veins, as far as can be understood from 
the figure, appears to have existed. 

X Could the statement and figures of Viedssbns ( loc . cit.) be considered free from all doubt, the so-called 
vein of the pericardium , which returned the blood from the outside of that sac, and descended in the position of 
the oblique vein into the coronary sinus, might be conceived to have been a true left azygos venous trunk, 
formed by ^persistent left canal of Cuvier (see p. 147). 
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resembles that observed in tbe Elephant, in many of the Rodentia, the Marsupials 
and some other Mammalia. 

In these cases the ordinary right superior cava is smaller than usual, being assisted 
by tbe additional vein on the left side. This left upper cava, generally smaller than 
tbe right one, invariably descends over the aortic arch, and afterwards in front of the 
root of the left lung, beneath wliiet it turns backwards and then runs along the base 
of the heart to reach the right auricle. 

Nearly thirty examples of this condition are on record, and to that list I am 
enabled to add two more cases, which will be here* described. For convenience of 
reference they may be tabulated in the following form. 


Tabular View of Examples of Double Vena Cava Superior m the Human Subject. 


Simple, or with 
other malformations, 


Transverse branch 
present or not. 



(1. Barthollne... 
1. St. Thomas’s 
a f Balmier 
1 and Theune 

3. Haller .1 

4. Murray . 

5. Ring . 

6. Lemaire. 

7. Nieroeyer ... 

8. Meckel . 

9. Meckel . 

10. Mdekel .. 

11. Meckel . 

12. Bedard . 

f Bock and 

l,i \ Cerutti ... 
14. Hesxelbach... 

15 Weese . 

10. Weese . 

17. Weese . 

1H, 19. Wirtcnsohn.. 

20. Wehrde. 

21. Breschet ... 
22-24. Breschet ... 

25. Otto . 

26. Otto . 

27. Otto . 

28. Houston. 

29. Sharpcy. 

30. Author . 

31. Author . 


| 1763. 

1739-1762. 

1781. 

1805. 

1808. 

1814. 

1816. 

1816. 

1818, 

1820. 

1816 . 


Adult ....A cro&p branch ? Right. 

Male, 11 years.. ;. None .Right and left.. 

Foetus .jllouble monster.None . 

Female, 60 years.,.None .Right . 

Female, 1 year...'Auricles not divided.i.?.. 

Female, 30 years. Auricles communicating! .?. 

Foetus .iMnch deformed. ?. 

Foetus .Monstrous . > . 

Foetus ...Monstrous . > . 

Foetus .{Monstrous .?. 

? .!.None (?) .... 

Adult .i.None (?).Right and left (*) 

Adult .!. 


A doubtful case. 


. Foetus .Ectopia cordis...? , 

. Foetus .JEctopia cordis.? . 

. Foetus .iEctopiacordis.None .... 

. Foetus, double... Monsters.None 

i 

, Foetus .'Monster .... 

Male adult .>. 

Foetuses .Ectopia cordis.? . 

Foetus ..Malformed .?, 

Foetus .'Malformed ...? . 


Rather doubtful case. 


f Original descrip. 

\ tion not referred to. 
Ditto. 

Rather doubtful case. 


k Original account 
not referred to. 


. Adult .A cross branch 

. Male, 56 years.....A cross branch 

. Female, 5 years . Malformed .?. 


Right and left., 
Right and left. 


Omitting BartholinfAs case as doubtful, the thirty one remaining examples may 
be thus distributed. Sixteen have occurred in foetuses more or less malformed; the 
age and condition of the subjects of two are uncertain; and, in two others, though 
the individual had lived in one case for a year, and in the other for five years, there 
was some accompanying defect in the heart; so that, including Lemaire s case, not 
more than eleven examples of additional superior cava have yet. been observed in the 
adult, uncomplicated by other deviations from the ordinary condition of the bea«rt. 
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•(St.; Thomas's, BantaiK artd Throne, *MuMtav((LBMAiit&:(?),' Mecxei; Bbclard, 

Breschet, Otto, Houston, Sharpey, the Author*.) «-J; j.i^ . < > *i. 

• Only those examples of Iterft vena oava superior can be included in tbe jyrestent 
group, in which the cross branoh at the rhot oftbenteckhas beendulyformedy the 
instances in .which 'that* characteristic preliminary step inthe development has not 
taken placed being referable to the kecOnd Glass of peculiarities offctote gteat? uhtdrior 
veins. Unfortunately, the descriptions of most >ofi»the known example^ ef'dotlble 
vena cava superior are incomplete; particularly as regards thfe’existence 6f the tretns- 
verse branch io thie neck; and the condition of the azygos veins. dJj iv 

In two instances only is the presence'of the Cross “branch placed 1 heyond a dodbt 
(Nos. 29, 30)+. 

In six cases* .in which the vessels ^appear to have been examinedand preserved 
sufficiently high up. in ibe. neck to. have determined the point one .way or. tkcatber, 
the cross branch seems as certainly to have been wanting (Nos. 2, 3, 4,17, 18,19):J. 

With regard to a large number ol the examples, it is quite impossible, on reference 
to the descriptions or figures, to decide whether any transverse branch had ever 
existed or not (Nos. 1, 5, 7, 8, 9, 10, 11, 12, 16, 21, 22, 23, 24, 25, 26, 27, 28, 31)§. 


* Rosenthal's case, already mentioned (p. 154). baa usually been considered an example of additional left 
superior cava, but it appears rather to be one of prolonged subdivision of the right vena cava. Lb Cat's in¬ 
teresting specimen (p. 158) might be considered to have been an example of a small left upper cava, closed at 
its lower end. 

t No. 29. Professor Sharpey met with this specimen in Edinburgh in 1833 or 1834. The preparation 
(injected and dried) is now in the Museum of Anatomy of University College, London* It is represented in 
Prof. R. Quaix's work on the Arteries, &c. (pi. 58, figs. 9, 10, pp. 371, 432). In all respects in which it can 
\ be compared, it resembles the following case, No. 30. 

No. 30. The Author's example, described in pages 162-164. 

. X The references to these six cases are given in pages 164, 165. 

$ No, 1, In the Museum of St. Thomas's Hospital there exists a specimen of double vena cava superior, 
i The preparation in question, No. 1178, is an adult heart, which has been injected and dried. The cavities, which 
are now empty, are laid open. The left vena cava superior is smaller than the right, excepting its intrapericardiai 
portion, which is much dilated. There are indications of a transverse branch, but its existence cannot now be 
confidently assorted. The azygos vein, which is of ordinary size, opens as high as usual in the right superior 
cava. The middle cardiac vein opens directly into the auricle. The coronary vein appears to be small. There 
is no azygos visible oh the left side; The wide orifice of the left cava has, on its tipper and right border, a 
l... narrow ridge,-but there ia,no Thebesian valve.. A small perforated Eus tachian valve .exists. Cheseujen 


(Philosophical Transactions, 17(3, yol. xxviii. p. 282) has described M a heart with the ven^ azygos inserted 
into the right auricle, and the descending cava coming round the basis of the heart, above the aorta and pulmo¬ 
nary teasels, fa erifar the auricle at the lower part with the ascending cava.*' ^jPhia case hhk usually been re¬ 
garded as an Cxattrplte 6f double vena earth superior. The preparation at StJ Thtofaas’s, the 1 history of which** 
not* Known* tart which Mr, Son th informs meis one of the oldest in the collection* atiay possibly he the,sped* 
mm dqaqrihqd h* t»*t w h*; hpepunt is Wfrkf, fmd,m> nwd 

^a^j dp^bafu^, if ^discrepancy b ( etweei* th# specimen and, the ^ccoupt ii* ttye ^hilospphipal^^s^- 


tions in regard to the. termination of the vena azygos. . 

WiV 5 .' bLinO (WetfJ anctPhys.’ Journal. London, vol. xiii.i&O^ p. llife wifa tstio 


! prepara¬ 


tion is in St. Thomas's Hospital Museum. This case shows a right and a left superior cava, with want of aepa- 
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la three instances, no access hits been bad to the original descriptions (Nos. 13, 
14, 20)*. 

The three remaining cases, though usually regarded as instances of superadded 
left superior cava, are somewhat doubtful examples of this variety (Nos. 0, 6, 15)-f-. 

Further, the condition of the azygos veins is accurately known in only four cases 
(Nos. 2, 4, 29, 30). 

In every instance, the course and connections of the left vena cava superior, so far 
as can be ascertained from the descriptions, correspond entirely. Reserving for the 
present the six cases in which the absence of the cross branch seems to be certain, 
I may here describe, as a characteristic example of double vena cava superior, ac¬ 
companied with the cross branch, the specimen met with by myself. 

The subject of this case (No. 30), a male aged fifty-six years, had not suffered from 
any disease of the heart. That organ is rather large: the right vena cava supe¬ 
rior (Plate VI. A) is smaller than usual, and pursues its accustomed course to the 

ration of the auricles. Had the interauricular septum been formed, the left vein, which is now described as 
opening into the left auricle, would probably have had its orifice directed into the right auricle. Similar in¬ 
stances are recorded by Weese and Breschet, Nos. 16 and 23, 24. 

No. 7. Niemeybh (De feetu puellari edito abnormitatis exemplo. Halae, 1814, cum fig.). The left cava 
superior is said to have descended to join the inferior cava, reminding one of Cheskldkn’s description. 

No. 8 to 11. Meckel (Tabul. Anat. Path. 1820, tab. x. figs. 6, 7); two other cases (Hand, der Anat. 
Path. 1816, vol. ii. p. 125); and one (Archiv. f. d, Physiolog. vol. iv. p. 479, 480). 

No. 12. Beclard (Bull, de la Soc. de Med. 1816, vol. v. p. 115). 

No. 16. Weese (De Ectopia cordis, 1818, sect. 19). The same case is in Walter’s Museum Anat. P. i. 
p. 135, No. 826; and had been partially described by Bukttnkr. 

No. 21 to 24. Bre8chet (Le Syst&me Veineux, 1827, p. 2, note 1). One example was in an adult male. 
Was this Beclard’s specimen ? The other examples are in malformed foetuses (Mem. sur I’Ectopie, &c.; and 
Repertoire d’Anat. et Phys., &c. t. ii. p. 12 and p. 17). 

No. 25 to 27. Otto (Beobachtung. ii. p. 69, and Verzeichniss, No. 2874). (Lehrbuch, &c., p. 344.) One 
example in an otherwise perfect subject. The two others in foetuses malformed. 

No. 28. Houston’s Catalogue of the Museum of the College of Surgeons, Dublin (vol. i. p. 58, B. b. 92). 
No. 31. The Author. This heart, which is described at page 164, was presented to me by Dr. R. Daw¬ 
son Harling. 

* These cases are referred to in Otto’s Lehrbuch der Pathol. Anat. 1830, vol. i. p. 347, note 13, as follows:— 
No. 13, Bock in Cerutti’s Pathol. Anat. Museum, B. i. H. 3. p. 50. 

14. Hessblbach, Beschreibung der Pathol. Praparate zu Wiirtsburg, p. 229. 

20. Wehrde, Diss. Anat. Path, de Monstro rariore humano. Halae, 1826, p. 11. 
t No. 0. Bartholine, Th. (Histor. Anatom, Montpelier, 1641, Hist. 84. Cent. ii. p. 322). This is quoted 
as an undoubted example by Otto (op. cit. p. 347, note 13), but the statement of Bartholine is not clear. 
He says, “ that illustrious anatomist A. Falcoburgh once showed me in a human dissection, an additional 
yein near the vena cava, similar to it, and which he considered a second cava.” 

No. 6. Lkmaire (Bull, des Scien. Med. vol. v. 1808, p. 21). This (as already stated, p. 158) is described 
by Lemaire as an instance of the coronary vein ending in an unusual left pulmonary vein; but on careful 
perusal of the description, it appears more probable that the vein supposed to be pulmonary was really a Irft 
vena cava superior. There was a greater chance of error in this case, owing to there having been exte nsive 
adhesions of the pericardium. 

No. 15. Weese (op. cit . sect. 45). 
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right auricle. The transvefse branch in the neck ( d) is not half the size of either 
jugular vein. It crosses over the commencement of the great arteries of the head 
and neck, and opens into the lateral venous trunks, somewhat below the point of 
junction of the jugular and subclavian veins of each side. This circumstance (ob¬ 
served also in Professor Shakpey’s preparation) is interesting when considered in re¬ 
lation to the position of the cross branch in the embryo, and to the mode of forma¬ 
tion of the right innominate vein. 

From opposite the left end of this cross branch, the additional superior cava 
( fvlos) descends upon the aorta, to the front of the root of the left lung, and 
crossing the corresponding vessels, reaches the side of the left auricle immediately 
behind the appendix; then turning backwards under the lowermost pulmonary vein 
in close contact with the auricle, it runs obliquely inwards beneath the base of the 
heart along the auriculo-ventricular furrow; and finally opens by a wide orifice into 
the right auricle, to the left of, and somewhat before the inferior cava, L e. in the 
ordinary situation of the orifice of the coronary sinus. 

The azygos vein exists on the right side, and on the left there is a small vein 
opening into the left cava, about inch below the cross branch, and close above the 
root of the lung: this small vein is a left azygos formed by the persistence of a part 
of the left cardinal vein: it fulfils the office of the left superior intercostal vein. The 
azygos and this small left azygos are also seen in Professor Sharpey’s preparation. 

From the cross branch down to the root of the lung, /. e. outside the pericardium, 
the left cava is rather narrower than the right. It is placed close beneath the pleura, 
and supports upon its outer side the left phrenic nerve (14). It rests first upon the left 
carotid and subclavian arteries, and then on the arch of the aorta. The par vagum 
(13) descends further back than the vein, and gives off a branch, which accompanies 
the vessel to the heart. On a level with the upper border of the pulmonary artery, 
the vein pierces the fibrous layer of the pericardium (11, 11). 

Within the pericardium, as may be noticed in all the cases which have been fully 
described, the left vena cava becomes very much dilated. As it passes from the 
left pulmonary artery to the root of the subjacent pulmonary vein, it is lodged (i>) in 
a tube-like fold of the serous membrane, the analogue of the vestigial fold . On the 
side and back of the left auricle (/ o), and afterwards along the course of the auriculo- 
ventricular groove ($), the vessel is everywhere covered and bound down by the 
serous layer of the pericardium, and has muscular walls. 

In turning horizontally to the right it receives the coronary vein (g), which appears 
small, and courses rather over the left border of the ventricle tljan comes from 
between the ventricle and the auricle. Further on, a posterior \p) and then the 
middle (m) cardiac vein enter it from below. The large vessel itself (o) occupies the 
place of the short oblique vein usually found on the back of the left auricle. The 
lower dilated part of the left vena cava superior (s), occupying the place of the coro¬ 
nary sinus, is distinctly muscular, its fibres for the most part being circular and ap- 

y 2 
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patently blending with those of both auricles. There arts no valves along its ootuaei 
bat the mouth of each of its cardiac branches is guarded with a fine valve, that of 
the, coronary vein being the largest. Tbe wide orifice of the vessel into the right 
auricle is marked above, below and to tbe right, by a slight rim, hut there is BO 
Thebesian valve, the absence of which, in this-and all tbe other examples of double 
vena cava superior in which tbe point is capable of being determined (Nos. 1,4,1-2,30, 
31), suggests a comparison with tbe fact that it is also absent in thoae iarge quadru- 
peds which have a left vena cava superior or a left azygos venous trank, The Eusta¬ 
chian valve is small and perforate; its left cornu does not reach tbe lower border of 
tbe fossa ovalis, owing, as it were, to tbe intervention of tbe large orifice of the left 
superior cava. Tbe foramen ovale is quite closed. . 

Tbe second example (No. 31) of double vena cava superior which I have to men¬ 
tion, occurred in the heart of a child between four and five years of age; in tbe ven¬ 
tricular portion of which there are some defects. The auricles, however, are perfectly 
shut off from each other. The lower part only of the left superior cava is present in 
the preparation, that vessel having been divided opposite the left pulmonary veins: 
it is very large and muscular, and receives the coronary and one other principal 
cardiac vein, tbe orifices of both being provided with valves. The opening of the 
vessel into the auricle is marked by a sharp border; but, as in other cases, the 
Thebesian valve is wanting. So, too, is the Eustachian valve. 

b. With transposition .—There is, so far as I am aware, but one instance on record 
of tbe occurrence of double vena cava superior, together with transposition of the 
viscera. In this case the superadded vein is of course on the right side: a small vena 
azygos exists on that side, and ends in the right vena cava*. 

CLASS II. TRANSVERSE BRANCH WANTING. 

A failure in the preliminary step of the development of a cross branch in the neck 
necessarily implies the non-occlusion of either of the lateral primitive veins; for, 
though two superior cavse may coexist with the transverse communication in the 
neck, yet, when the latter is absent, each primitive vein must continue to return 
the blood from its own side of the upper half of tbe body. 

In such instances tbe characteristic cross branch of the mammalian venous system 
is wanting; the condition of tbe great anterior veins is like that of birds; and fbere 
is no metamorphosis excepting what is due to changes of size and position in the four 
simple lateral primitive veins typical of the vertebrate animal. Transposition has 
nut been noticed in connection with this variety. 

The best illustration of deficiency of the cross branch occurs in a case (No. 2)^ 

* Sir A. Coops®, in Dr. Watsqs’s paper, Medical Gasette, June 1836, p, #94. The specimen k now in 
the Museum of the Royal College of Surgeone. 

t No. S. Because (Obeerv. Anat. rarior. fasciculi. Prsefat. p. xii.l. Tamms (De confluxu trium carer, in 
cord, atrio dextro, Ac. Hal*, 1763, with a figure. Republished, Amsteld. 17#*). 





• l or vmh. w ies 

recorded by Bcehmbr, and subsequently clearly described and figured by 
tVdmnav The subject was a boy, aged 11 years. Tbe vessels of the thorax and neck 
were injected with wax; and, though numerous small thyroid brandies descended 
lb the jugdlar veins, there was no Appearance whatever of a transverse branch across 
the neck. Besides this, the case is'interesting as affording a distinct example of the 
presence of both azygos veins ending, one in each of tbe superior earn The right 
azygos was rather higher than usual; the left azygos, a little lower down than the 
right one, could be followed dong tbe left side of the vertebrae aaf loiras the lumbar 
Veins in tbe abdomen. • ■ ■ . < ,, 

Another specimen Of double superior cava in am adalt (No. 4)*, ta> which the cross 
branch must be regarded as wanting, has been elaborately described and represented 
in two figures by Adolphe Murray. With the exception of this deficiency of the 
cross branch, and’of apparent absence Of tbe left azygos also, the case resembles 
No. 30. Tbe coronary vein is described as wanting: but it was represented by A 
branch which, as in case No. 30, turned over the left border of the heart. 

The fdor remaining examples were in malformed foetuses, carefully dissected by 
Haller, by Webse and by Wirtensohn (Nos. 3, 17, 18 and 19)-f\ 

Finally, such extreme cases of malformation as those in which (as in acephalous or 
almost shapeless foetuses) the primitive plan of the venons system is altogether ah* 
rogated, do not here come under consideration. 


Description op the P la tbs. 

PLATE I. 

/ ' i 

4 Fig. 1, Sketch of the human heart, seen on its left and posterior aspect, together 
witp the great.blood-vessels and a piece of the left lung:—reduced one-fifth. The 
coronary si.nus^ the great coronary vein, and the other posterior cardiac veins have 
been slit up. , ^.The right auricle. 2. The left auricle. Si. The ventricular portion 
of the heart. 4. Portion of the root of the left lung. 8. Tjhe aorta. 9. Tbe pulroo- 
nary artery. 10, ip. The left pulmonary veins. 11, l l. Thp cut edges of the pericar¬ 
dium, c. Vena cava superior, e. Vena cava inferior, g. Great coronary vein.. 
m. Middle cardiac vein, p, p. Posterior cardiac veins, s. Coronary sinus laid open, 

'*-’Kfm>kY; AS. (Ntue Schwedische Abfa*ndl. aui ider Naturlehre, 4o., bud 2. p. 288, with two piste*). 
Be refer* to BA*raoun«, Chibkldkr ud Hall**; and also to Banna* and Thitokb, whose observation be 
apuider* *he only one like hia own. . . , t 

t No. 8. Hall** (Deecript. Monstx. dissect, i. 1739. Oper. Minora, t. iii. p. 102.5. Talml. xv.). tbe 
pecultarity in question occur* in the left fatos only of a double monitor. No. 17. Wnu (op. eft. sect. 47, 
p. SO.Tabul. vi. fig. 1). Thi* was a ease of Ectopia cordis which had been previously examined by Kussraza. 
tbe left veinA 'iid eof/ofethose of the right aide, but descended separately to the heart by a left venous trunk. 
No*. IS, IS. Wnmwr*ouw, Diu. dear. Monstr. dupl. bomanar. Berel.1825, p. 28. 
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to show the large valve *, at tbe mouth of the great coronary vein (g),«Mji mkSk/e 
valves at tbe mouths of the posterior (p, p) and middle (m) cardiac veins. fJ 'Oriftee. 
of the coronary sinus into the right auricle, with the Thebesian v*!v&> '0^^;®^ ' 
mains of tbe left primitive venous trunk above the coronary sinus, consistiil^lrii^ a 
small oblique auricular vein; l, lines or streaks on tbe wall of tbe left auricle} audv, a 
Small duplicature of tbe serous layer of the pericardium, passing between the left pul¬ 
monary artery and the subjacent pulmonary vein, which is referred to in subsequent' 
plates as the vestigial fold of the pericardium. 

fig. 2. Sketch of the back of the Sheep’s heart; the great vessels being cut off 
short. 1,2, 3 ,8,10,10, c and e refer to tbe same parts as in fig. 1. s,s'. The trank 
of tbe left azygos vein laid open, showing the large valve (x) at tbe entrance of tbe 
great coronary vein (g), and the smaller valves at tbe months of tbe veins marked 
p, m,p. Tbe portion of tbe left azygos vein marked d, is analogous to the coronary 
sinus in Man, s, fig. 1. t. Orifice of the left vena azygos, destitute of a Thebesian 
valve. * 


PLATE II. 

Development of the great anterior veins in the embryo of the Sheep. Each figure 
is magnified two diameters. Corresponding letters of reference are used in common; 
viz. o. The right,.and a!, the left primitive jugular vein; o, the occluded portion of 
the left primitive jugular vein. b. The right, and V, the left cardinal vein. c. The 
right, and d, the left canal of Cuvier, d. The transverse branch across the root of 
the neck, afterwards the left innominate vein. e. The trunk of the future vena cava 
inferior. 1. The right auricle. 2. The left auricle. 3 . The ventricles. 4 , 4 '. The lungs, 
right or left. 6, 5 '. Tbe Wolffian bodies, right or left. 7. The stomach. 

Figs. 1, 2, 3 . Lateral and front views of an embryo, |$ths of an inch long. The 
great anterior veins are symmetrical, and consist of four lateral trunks, vie. two jugu¬ 
lar and two cardinal veins, ending in tbe two Cuvierian canals. Tbe jugular veins are 
short and vertical; the cross branch is wanting, but two little'points are seen pro¬ 
jecting from the inner side of tbe jugular veins where this transverse vessel Is to 
appear. The dotted lines in figs. I and 3 indicate tbe outline of the liver,jvhieb has 
been removed. 

Pig. 4 . Embryo, |£ths of an inch long. Tbe jugular veins elongated, andbegin- 
ning to approach each other opposite tbe place of tfae future transverse bmnch,ypbich 
could not be traced quite across the neck. The cardinal veins are smafi«r,bwrng 
to the wasting of the Wolffian bodies. . > jVT''' .' 

Fig. 5. Heart of an embryo, 1 inch long. The cross branch d»tiaet,C 0 asiS*ing 
iff a fine vessel, which is wider at each end than in the middle. 

Rg. 6. Embryo, 4 $ths of an inch, and fig. 7, embryo, l^yths of atttach jjjpqg; The 
jugular veins have become more closely approximated at the root of the neck. ,'”1% 





^^h i. gborter and wider. The lower part of each primitive jugular, below 
• the cross branch, indiae* downwards and outwards, lying upon the pericardium. 
The left cardina l vein is still further reduced in size, but no occlusion has yet taken 
place. , 

Fig. 8. Embryo, l inch and Atfis long. In this embryo, and inembryo fig. 10, most 
peart of the left long has been cut away. Tbe lower part of tbe left primitive jugu¬ 
lar, extending from below the cross branch to the junction of tbe ksfteardinal vein and 
(eft of Cuvi**, is occluded, and a fine opake cord (o) exists in Its place. The 
left cardinal vein and left Cuvierian canal now form tbe left vena azygos, as in tbe 
adult, tbe intrapericardial portion of which is seen to cross the leftpnlmonary vessels, 
and is lodged in a fold of the serous membrane. The cross branch now passes 
obliquely over to tbe right side, and forms the left innominate vein, which ends in 

tbe lower part of the right jugular, now the vena cava superior. 

Fig. g. Back of tbe heart of an embryo, l£ inch long, to show the differences, in 
size, length and direction, between the right and left Cuvierian canals, after the partial 
occlusion of tbe left jugular. The different heights of the right and left azygos veins 

are also exhibited. . , . 

Jig. 10 . Embryo, 1 J inch in length; it shows the state of tbe primitive anterior 

venous trunks after tbe completion of their metamorphosis, and therefore resembles 

the adult condition. 


PLATE III. 


Development of the great anterior veins in the human embryo. Each figure is 
two diameters. Corresponding letters of reference are used in all cases, 
viz. o. The right, mid a!, the left primitive jugular vein. b. The right, and b', the left 
cardinat vein. c. The right, and o', the left canal of Cuvier, or it* pervious remnants. 
c*,<?cclttdfe£i portion of the left canal of Cuvieb. d. The transverse branch in the 
neck, afterwards tbe left innominate vein. e. The vena cava inferior. A. lhe vena 
cava su peri or. *. Trunk of the left superior intercostal vein. 2 . Left auricle. 3 . Ven¬ 
tricular portion of the heart. 4. Lung, or part of lung. 5 . Wolffian body. 6. Part of 


the liver. 7. Tbe stomach. * 

Figg. i, 2 . Left and right lateral view of an embryo, #ths of an inch in length. 
The cross branch is fully formed and very wide. The cardinal veins have diminished 
with the wasting of the Wolffian bodies ; but no occlusion having taken place, the 
g$ept (a head venous tranks are still symmetrical. N.B. Embryo damaged before dis- 
section, 

f%, jfrEmbryoj l^ths of an inch long. The lower part of the left primitive jugular 
(below the cross branch) is elongated, end, as well as the left Cuvierian canal, is be- 
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PLATE IV. \ ( |uul»- at iiiil »ri) 

Several views of the hearts of haman embrvos to show the gradual alterations in 
the size, length and direction of the tfro Udtet^of Cuvier, and the particular meta- 
inpfP(h#» 8 ^the left ieasal.. Figs, l,fio Rawihgs.iSUD and Llrarfli.*iew«»ctfitheioiider 
fjpjpfetfie.afithewgam.sF^^ «»d_Q ; me representations of,its, left, side.. All Itta.figdress, 
espeptjnghg.fi 1 , are (shown magwhed townidiMneCsm^ », /h i iuhu» m*t T/jrtimn<| 
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lower portion into a small oblique vein and She coronary sinus (a), into which, at its 
junction with the oblique vein, the coronary vein (g) enters. 

Fig. 9. Outline plan carefully constructed from the heart of an embryo, measuring 
6 inches from the vertex to the coccyx. Die essential stages of the metamorphosis 
of the toft primitive venous trunks are so complete, that the parts now representing 
it me nearly the same as in the admit condition, vis. the trank of the left Superior in¬ 
tercostal vein <i), the vertical fibres beneath the left pleura (/), the vestigial fold (ej, 
and the lines or streaks (f) mi the left auricle. The tower persistent portion of die 
toft cunal of Cuvibr is transformed into a short oblique vein (o) and the coronary sinus 
(a), which are only partly seen, and which are joined by the great Cardiac or coronary 
vein (g). 

Fig. 10 . Heart of die same embryo. The lines or streaks (c"), the oblique vein, 
the coronary sinus (a) and the coronary vein (g) appear almost as in the adplt heart. 

Fig. 11 . Heart of a small foetus, still-born at the full period. The drawing is of the 
natural dimensions. The metamorphosed parts are easily recognized. The coronary 
vein (g) and sinus (a) are slit up, to show the commencing valve at their poiat of 
junction, and the place of opening of the oblique vein (o), which is continued up into 
the line or streak (/). 


PLATE V. 

Sketch of the under surface and left side of the heart, great blood-vessels, and root 
of the left lung, from a female aged 19; exhibiting the remains of the left anterior 
primitive vein, as ordinarily seen in the adult human heart. 1,2, 3,4, 8 ,9, 10,10, 
11 and e, refer to the same parts as in Plate I. fig. 1 . 13. The left vagus nerve, d. Left 
innominate vein, formed by the primitive cross branch and part of left primitive 
jugular, *. Trunk of the left superior intercostal vein, formed by the part of the 
metamorphosed left jugular vein situated immediately below the cross branch in the 
neck. /. Indistinct fibrous bands, mixed with small vessels and nervous cords, shown 
after removal of the pleura, lying in the track of the previously existing vein, and 
passing down to the root Of the left tong, and thence through the pericardium into 
the fold marked 0. v. The vestigial fold of the pericardium, persisting after the oc¬ 
clusion of the corresponding part of the left canal of Cuvibr. /. Lines or streaks 
on the wall of the left auricle, descending from the vestigial fold to a small oblique 
vein, marked o. This oblique Vein (o) enters the coronary sinus (a) dose by the 
valved orifice of the coronary vein (g): together with the sinus, it forms the tower 
persistent pervious portion of t.lre left primitive vein or canal of Cuvibr. 

f' 

PLATE VI. 

,'|fet!tch of the under surface and left side of tire heart and great vessels of a man, 
q^'lf'yenrs, in which there is a second superior cava on the toft side, constituting 

MOCCCL. ” Z 
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what is termed a case of “ double vena cava superior.” I, 2, 3, 4, 8, 9, 10, 11 and 
e, refer to the same parts as in Plate I. fig. 1. 13. The vagus nerve. 14. Portion of 

the left phrenic nerve resting on the left vena cava superior, d . The cross branch 
at the root of the neck passing across below the place of junction of the subclavian 
and jugular veins, A. Part of the right vena cava superior, i. A left superior inter-* 
costal vein crossing over the descending aorta and acting as a small left azygos vein. 
f 9 v 9 l^o and $, are placed on the successive portions of the left vena cava, or persistent 
left primitive vein, which correspond with the successive remains met with in the 
ordinary condition, viz./, with the subpleural fibrous bands; v, with the vestigial fold 
between the left pulmonary artery and veins; /, with the lines on the back of the left 
auricle; o, with the oblique vein; and s, with the coronary sinus. Into this latter 
there open, g, the great coronary vein, g, a posterior, and m } the middle cardiac vein. 
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§ 29. O/z £/ic po/ar or of/zer condition of diamagnetic bodies. 

2640. Four years ago I suggested that all the phenomena presented by diamag¬ 
netic bodies, when subjected to the forces in the magnetic field, might be accounted 
for by assuming that they then possessed a polarity the same in kind as, but the re¬ 
verse in direction of, that acquired by iron, nickel and ordinary magnetic bodies 
under the same circumstances (2429. 2430.). This view was received so favourably by 
Plucker, Reich and others, and above all by W. Weber*, that I had great hopes it 
would be confirmed; and though certain experiments of my own (2497.) did not in¬ 
crease that hope, still my desire and expectation were in that direction. 

2641. Whether bismuth, copper, phosphorus, &c., when in the magnetic field, are 
polar or not, is however an exceedingly important question; and very essential and 
great differences, in the mode of action of these bodies under the one view or the 
other, must be conceived to exist. I found that in every endeavour to proceed by 
induction of experiment from that which is known in this department of science to 
the unknown, so much uncertainty, hesitation and discomfort arose from the unsettled 
state of my mind on this point, that I determined, if possible, to arrive at some experi¬ 
mental proof either one way or the other. This was the more needful, because of the 
conclusion in the affirmative to which Weber had come in his very philosophical 
paper; and so important do I think it for the progress of science, that, in those im¬ 
perfectly developed regions of knowledge, which form its boundaries, our conclusions 
and deductions should not go far beyond, or at all events not aside from the results 
of experiment (except as suppositions), that I do not hesitate to lay my present 
labours, though they arrive at a negative result, before the Royal Society. 

2642. It appeared to me that many of the results which had been supposed to in¬ 
dicate a polar condition, were only consequences of the law that diamagnetic bodies 
tend to go from stronger to weaker places of action (2418.); others again appeared to 
have their origin in induced currents (26. 2338.); and further consideration seemed 

* Poggendorff’s Annalen, January 7, 1848, or Taylor’s Scientific Memoirs, v. p. 477. 
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tb indicate that the differences between these modesofactionand that of Areal pots- 
rity, whether magnetic or diamagnetic, might serve as a foundation-on which to base 
a mode of investigation, and also to construct an apparatus that might give useful 
conclusions and results in respect of this inquiry. For, if the polarity exists it must 
he in the particles and for the time permanent, and therefore distinguishable, from 
the,momentary polarity of the mass due to induced temporary* currents; and it 
must also be distinguishable from ordinary magnetic polarity by its contrary,direc¬ 
tion. ■ ' 1 ' ‘ ■' • : . (i • .1 , - I ■: * -t • 

2643. A straight wooded lever, 3 feet in length, was fixed by an axis at .one end, 
and by means of a crank and wheel made to vibrate in a h orison tat plane, so that, its 
free extremity passed to and fro through about 2 inches. Cylinders or cores of,metal 
or other substances, 5£ inches long and three-quarters of an inch diameter; were fixed 
Id succession to the end of a brass rod 2 feet long, which itself was attached at the 
other end to the moving extremity of the lever, so that the cylinders cpuld be moved 
to mid fro in the direction of their length through the space of 2 inches. A large 
cylinder electro-magnet was also prepared (2191.), the iron core of which was 21 inches 
Jong and 1*7 inch in diameter; but one end of this core was made smaller for the 
Jengtb' of l* inch; being in that part only 1 inch in diameter. 

2644. On to this reduced part was fixed a hollow helix consisting of 5 16 feet of fine 

covered copper wire: it was 3 inches long, 2 inches external diameter, and J inch 
internal diameter*: when in its place, 1 inch of the central space was occupied by the 
reduced end of the electro-magnet core which carried it; and the magnet and helix 
were both placed concentric with the metal cylinder above mentioned, and at such a 
distance that the latter, in its motion, would inove/within the helix in the direction of 
its axis, approaching to and receding from the electro-magnet in rapid or sjow-spc- 
cession. The least and greatest distances of the moving cylinder from the,roagaet 
during the journey were one-eighth of an inch and 2*2 inches. The object of course 
was to observe any influence upon the experimental helix of fine wire which the metal 
cylinders might exert, either whilst moving to or from the magnet, pr at .different 
distances from'it*. 1 . 

2645. The extremities of the experimental helix wire were connected with a.very 
delicate galvanometer, placed 16 or 20 feet from the machine, so as to be unaffected 
directly by the electro-magnet; but a commutator was interposed between them. 
This commutator was moved by the wooden lever (2643.), and as the electric currents 
which would arrive at it from the experimental helix, in a complete cycle of motion 
or to and fro action of the metal cylinder (2643.), would consist of two contrary por¬ 
tions, so the office of this commutator was, sometimes to take up these portions in 
succession and send them on in one consistent current to the galvanometer, and at 

* i 

* It Is very probable that if the metals were made into cylinders shorter, but of larger diameter than those 
described above, and used with a corresponding wider helix, better results than those I have obtained would 
be acquired. 
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odbeft’tbftesto Oppose them and to neutrabzetheirresaltvandtherefriiwit-was'inade 
fcdjdstlble ;'kb astw cbrihge at any period oftbetimeorpart ofthemotiom' 1 •-<: 

! ‘ 204O. With such 1 an arrangement afc this, it is known that; however powerful the 
magnet, find hdweCer delicate tHe other parts ofthe apparatus* 1 noeffect will be pro- 
ducedtft the galvahometef ari long ai the magnet ddes notohomgeitt force, -nr in its 
hctittn upbtr neighbouring bodies; or in its distance from,- or relation to, the expetf- 
Menfcaf heRx; but the introduction of a piece of iron into thb helix; or anythfingeise 
that can influence or be influenced by the magnet, can, or ought to, show a corre¬ 
sponding influence upon the helix and galvanometer. 1 My'apparatus I should ima¬ 
ging, indeed, to be almost the same in principle arid practice ns that-of M; Weber 
'( 2640J); exceptthat 1 itgi vCs me contrary results. 11 ■’•- --• •'••>»/■ i. * 

- • ■2647; Bat 'to obtain correct conclusions; it is most essential that extreme precaution 
should be taken in relation to many points which at first may seem 1 unimportant;'Ail 
(parts of thO apparatus 1 should hrive perfect. steadiness, and be fixed almost with--the 
care tfue to an astronomical instrument; for any motion of any portion of itis, from 
the coh&truetion, fibre to synchronize with the motion of the ’commutator \ and por¬ 
tions of effect; inconceivably small, are then gathered up and-made manifest as a 
whole at the galvanometer; and thus, without care, errors might be taken for real 
and correct results. Therefore, in' my arrangements, the machine (2643, &e.), the 
‘magnet and helix, and the galvanometer stood upon separate tables, and these again 
Upon 1 ri stone floor’laid tipdn the earth ; and the table carrying the machine -was care¬ 
fully strutted to neighbouring stone-work. 

>' 2648i Again, the apparatus should itself be perfectly firm and without shake in its 
motion, rind yet easy and free. No iron ’should be employed iri any of the moving 
-parts-. I briv£ springs to receive and convert a portion of the momentum of tire whole 
! a« the 1 errif of the tOarid fro journey; but it is essential that 1 these should be of-hsm- 
‘iWCred’brhss 'rir copper. ' ' , . . - ; r - 

H649U It-Is absolutely necessary that the cylinder os- ewe in its-motion-should not 
>itt the’least degteC disturb* or shake the experimental helix and the magnet. SaCh a 
shake may easily take place and yet (without much experience) not be pereeivech.--It 
-ffi 1 brtpdriatii tb have the cores of such bodies as bismuth, phosphorus, coppery &C., as 
’ large as may Be, but I have not found it safe to have less than one-eighth of an inch 
Wfipabe between them and the interior of the experimental helix/ In order-to-float, 
aS it Wert, the core in the air, it is convenient to suspend it in the bight or torn of a 
’firie Coppet wire passing once round it, the ends of Which rise up, and are made fast 
to-tWo fixed points at equal heights but wide apart, so that the wire has a V form. 
This suspension keeps the core parallel to itself in every part of its motion. 

1 2650. The magnet, when excited, is urged by an electric current from five pairs of 

Grove’s plates, and is then very powerful. When the battery is not connected with 
it, it still remains a magnet of feeble power, and when thus employed may be re¬ 
ferred to as in the residual state. If employed in the residual state, its power may for 
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the time be considered constant, and the experimental helix may at any moment b© 
connected with the galvanometer without any current appearing there. But if the 
magnet be employed in the excited state, certain important precautions are necessary; 
for upon connecting the magnet with the battery and then connecting the experi¬ 
mental helix with the galvanometer, a current will appear at the latter, which will, in 
certain cases, continue for a minute or more, and which has the appearance of being 
derived at once from that of the battery. It is not so produced, however, but is due 
to the time occupied by the iron core in attaining its maximum magnetic condition 
(2170. 2332.), during the whole of which it continues to act upon the experimental 
helix, producing a current in it. This time varies with several circumstances, and in 
the same electro-magnet varies especially with the period during which the magnet has 
been out of use. When first employed, after two or three days’ rest, it will amount to 
eighty or ninety seconds, or more. On breaking battery contact and immediately re¬ 
newing it, the effect will be repeated, bat occupy only twenty or thirty seconds. On 
a third intermission and renewal of the current, it will appear fora still shorter period; 
and when the magnet has been used at short intervals for some time, it seems capa¬ 
ble of receiving its maximum power almost at once. In every experiment it is neces¬ 
sary to wait until the effect is shown by the galvanometer to be over; otherwise the 
last remains of such an effect might be mistaken for a result of polarity, or some pecu¬ 
liar action of the bismuth or other body under investigation. 

2651. The galvanometer employed was made by Kuhmkorff and was very sensible. 
The needles were strengthened in their action and rendered so nearly equal, that a 
single vibration to the right or to the left occupied from sixteen to twenty seconds. 
When experimenting with such bodies as bismuth or phosphorus, the place of the 
needle was observed through a lens. The perfect communication in all parts of the 
circuit was continually ascertained by a feeble thermo-electric pair, warmed by the 
fingers. This was done also for every position of the commutator, where the film of 
oxide formed on any part by two or three days’ rest was quite sufficient to intercept a 
feeble current. 

2652. In order to bring the phenomena afforded by magnetic and diamagnetic 
bodies into direct relation, I have not so much noted the currents produced in the 
experimental helix, as the effects obtained at the galvanometer. It is to be under¬ 
stood, that the standard of deviation, as to direction, has always been that produced 
by an iron wire moving in the same direction at the experimental helix, and with the 
same condition of the commutator and connecting wires, as the piece of bismuth or 
other body whose effects were to be observed and compared. 


2653. A thin glass tube, of the given size (2643.), 5^ by f inches, was filled with a 
saturated solution of protosulphate of iron, and employed as the experimental core: 
the velocity given to the machine at this and all average times of experiment was 
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such as to cause five or six approaches and withdrawals of the core in one second; 
yet the solution produced no sensible indication at the galvanometer. A piece of 
magnetic glass tube (2354.), and a core of foolscap paper, magnetic between the 
poles of the electro-magnet, were equally inefficient. A tube filled with small crystals 
of protosulphate of iron caused the needle to move about 2°, and cores formed out of 
single large crystals, or symmetric groups of crystals of sulphate of iron, produced the 
same effect. Red oxide of iron (colcothar) produced' the least possible effect. Iron 
scales and metallic iron (the latter as a thin wire) produced large effects. 

2654. Whenever the needle moved, it was consistent in its direction with the effect 
of a magnetic body; but in many cases, with known magnetic bodies, the motion 
was little or none. This proves that such an arrangement is by no means so good a 
test of magnetic polarity as the use of a simple or an astatic needle. This deficiency 
of power in that respect does not interfere with its ability to search into the nature 
of the phenomena that appear in the experiments of Weber, Reich and others. 

2655. Other metals than iron were now employed and with perfect success. If 
they were magnetic, as nickel and cobalt, the deflection was in the same direction as 
for iron. When the inetals were diamagnetic, the deflection was in the contrary direc¬ 
tion ; and for some of the metals, as copper, silver and gold, it amounted to 60° or 70°, 
which was permanently sustained as long as the machine continued to work. But 
the deflection was not the greatest for the most diamagnetic substances, as bismuth 
or antimony, or phosphorus; on the contrary, I have not been able to assure myself, 
up to this time, that these three bodies can produce any effect. Thus far the eftect 
has been proportionate to the conducting power of the substance for electricity. Gold, 
silver and copper have produced large deflections, lead and tin less. Platina very little. 
Bismuth and antimony none. 

2656. Hence there was every reason to believe that the effects were produced by 
the currents induced in the mass of the moving inetals, and not by any polarity of 
their particles. I proceeded therefore to test this idea by different conditions of the 
cores and the apparatus. 

2657* In the first place, if produced by induced currents, the great proportion of 
these would exist in the part of the core near to the dominant magnet, and bnt little 
in the more distant parts; whereas in a substance like iron, the polarity which the 
whole assumes makes length a more important element. I therefore shortened the 
core of copper from 5£ inches (2643.) to 2 inches, and found the effect not sensibly 
diminished; even when 1 inch long it was little less than before. On the contrary, 
when a fine iron wire, 5£ inches in length, was used as core, its effects were strong; 
when the length was reduced to 2 inches, they were greatly diminished; and again, 
with a length of 1 inch, still further greatly reduced. It is not difficult to construct 
a core of copper, with a fine iron wire in its axis, so that when above a certain 
length it should produce the effects of iron, and beneath that length the effects 
of copper. 
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■ 9658j lathe oextplaoe, if the leflfect- were' produced by* induced currents' hrthfe 
mass (2642.), divisiohofthe mass would Wop thesei cu rhmts find so -alter tfarjcffectii 
whereas-<if-produced byatrue diamagnetiepolarity, divisionqf the mass'Mould*»ot 
aflfeetthapokulfcy serio«ely,or Jh inessential Mature (246®.)- 8 omecoppei"filingl 
Were 1 therefore, digested fbra few days in dilute. $Ulpbu|icacidto remove unyudhe-- 
ring jirony then well-washed-»«d dried,-add afterwards warmedand stirred in-thenur} 
until-it uMfrvehU-Jby’tbhiorange^olottr thata rCtytlng fifartof-exidehadforlliedJupOtt 
them : they we refi nallyinCrodWeed 'into ngiass tiihe ^Od&i) and employ ed kis<a>Cbre. 
It‘prodaoed no"eCec*t Whatever, bUt wps-now as inaotive as bismuth , 1 n umii irwnih 
<<>2639. The > copper may* however be divided So mb ieiiher-to- interfere>iwitb"tHh. 
assumed currents or o©»,«tpieasure.nFine copper wire! wascutup intofcngths-'Of 
fefdnobesifwwdias manyiePthesieussoeiated together* «g would-form a GompaotiwyltoU 
der 'tbree u quarters• of aninoh in diosneter '(2648.)*, it produced-no effect at thegaliai- 
nometeh Another'copper oord -was prepared by associating together many disc# of 
thin copper piate, three-quarters ©f an inebiti diameter, and this-affected'the'-gdli- 
vnnotnetetv holding its needle 25° or SMI 9 from aero; •<* > • «> '< <-»« 

'2669. I made'» solid"helix cylinder, three-quarters of an inch mdiumeter and 
2 inches long, of covered copper wire, one-sixteenth of an inch thick, and emptoyled 
this as tbe experimental core. - When-the twb ends of its wire were unconnected, 
there was no effect upon the experimental-helix, and consequently none at tbegai- 
vanometer-;,but -when -the ends were soldered together, the needle waswett affected. 
Inthe firstCondition, the currents, which tended* to be formed in the mans of 1 moving 
met&ly could • not exist because the metal -circuit was interrupted; in the second itliey 
could, because 4he circuitwas not-‘interrupted 5 and Much division as remained‘dill nbt 

interfere to-prevent the currents. ■ .. >>■ -v.. ■ '•■>> *■“ 1 ■ 

2661; The same 'results were obtained with other metals. A core cylinder of'gold, 
madeof. half-sovereigns, was- very» powerful in its efifect ori the galvandmeferi" A‘cy¬ 
linder of silver, made of sixpenny pieces, was very effectual; but a cylinder made 1 Of 
precipitated silver * pressed into a glass tube as closely as ipolsible, gave rio'mdtea&ons 
ofaotion>Whate veiv - The • same 1 nesults were ol>tai«ed • with" disc- CyiihderB bfjtim‘fthd 
lead, the effects being proportionate to-the Condition'*of tin and lead ns -bad edtl- 
dtictors (2656.).' S un .n < <"-t >< i.< lull rt; 

>2662;’Wbett iron was-divktedytbo-effects-were exactly the rCveivcht klndi n'lt'Wtls 
necessaryto use a moefa eoareergalvanofneter and' apparatus for <the puiposC-i-but 
that bang'done, the employment of a solhl 'iron eore,and of another of tht same Wine 
or< weight formed of lengths of fine iron wife (2659i)j shewed that' the division'had 
occasioned no inferiority in the latter. The excellent eKperimewtuli ibsearelM9S(i*f 
l)Ov®* on- the electricity of induction, will show that tliis>ouglit :to ! be thc> , laeei""<^ 
“t 2663- Henoe tbe result of division in ttie diamagnetic -metals isialtogctllerbf'a 
nuture to confirm tfec conolii6k)n, that the effects* producedby thein are duc to'M- 
* Taylor^* Scientific Memoirs, y. p.-llK)/ I do not 1 sfet* a date «> thfe' pia^er; 1 h-K. ,1-iilfO 
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dated oucrente moving through their masses*,,and not $o any. polarity correspondent 
inits general nature, (though opposed in its direction.) to that of iron. 

< £304. In the third; place (2666.), another and very (important distinction in the aot 
tions of a dianuignetic metal rauy he experimentally established accocdipg as they 
mayihedue either to a, true polarity, or merely to $he presence of temporary induced 
currents $ and as foe the, consideration >of this point diamagnetic and magnetic pa¬ 
rity are tlwsaine, the point may . best be considered* at present,, in delation , to kom : • 

. 26(ji>.Ifa core of my .kind be Advanced, towards the dominant magnet and with* 
drawn from it by a,motion of uniform velocity, then a complete journey or to ,^od 
/torn notion might be divided into .four parts; the lo, . the stop, after jit; the’from, And 
the Mvp succeeding ,that.». If*,/cow},pf iron ■Uimke.ihi* journey, .its. end towards the 
dominant magnet becomes.a pole, rising .in force until, atthe nearest distance,: and 
falling in force until at. the .greatest distance.. Jdcitii this, effect* and its progression 
inwards andoutkardsj cause .currents to be isfluced in the; surrounding helix,, and 
these currents!are in' due direction ns. the erne.advances, and iu the contrary direetkm 
as it recedes. In reality, however, the.iron does,not.travel with a constant velocity; 
for, because of the communication of, motion from a revolving crank at the machine 
(2643^* it;. in. the.4> parti0f.the jouimey v grad«aUy vises fi^om a state of rest to a maxi- 
tnum velocity, which; is. half-way o and /then' us»gradually,sinks to ,rest .again near -the 
magnet -.-T-andtlw ,/fuw, purl of the journey undergoes thetsame variations.Now,As 
the maximum effect upon the surrounding CXperimentul helix depends, Upon the velo¬ 
city conjointly with the intensity of .the magnetic force in the end of tfaocorevit 'Is 
evident .that it will notoecurwitb the maximumi velocity, which-is in the,middle of 
theta op from motion t-nor ,at, the, stop nearest .to the dominant magnet, where the 
core end has greatest magnetic force, hut somewhere 'between the two. .Nevertheless, 
during thc.ui/Mr of the advance, the cone will cause a current in the experimental 
helix in one direction, and, during .the whole , of the recession it will cause u current 

iin the,other direction*! 1 .(i , . •> ,i. ,■ *..:d 

..£336u If diuiuaguetic bodies,,undfcr the influence of the; dominant magnet,'assume 
'also,a>polar, state, the difference between, them and iron being) only, that theipolusmf 
like aames, or,fancies are; changed,inplaee, (2429/2430/)* (ben tiio same kind of action 
as that described for iron would occur witli them ; the only difference being, that,the 
-two'Currents! produced, wouldbein the, reverse direction to those. produced/ by iron. 
,,u!2637.. ! Iftg commutator, therefore* were to he arranged to gather up these,currents, 
either, in the one .case or, the, other, and send them on to,,the galvanometer in one 
consistent'current, it: should change at the moments, of the two Stops (266c/), /.and 
then,'would perform, suph. duty perfectly, if* on the other hand,, the commutator 
should change At the times of uiftxvmUHi i velocity of maximum, intensity,, or at t«t> 
other,timjtS 'equidistant either from, tlie; one ,4/op,or, from the.other,- then, the pasts of 
the .opposite,currents, intercepted between the changes would exactly neutralize each 
other, and no final current would be sent .on to the galvanometer. 
mdcccl. 2 a 
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2668. Now the action of the iron is, by experiment, of this nature. If an iron wire 
be simply introduced or taken out of the experimental helix with different conditions 
of the commutator, the results are exactly those which have been stated. If the ma¬ 
chine be worked with an iron wire core, the commutator changing at the stops (2665.), 
then the current gathered up and sent on to the galvanometer is a maximum; if the 
commutator change at the moments of maximum velocity, or at any other pair of 
moments equidistant from the one stop or the other, then the current at the com¬ 
mutator is a minimum, or 0. 

2669. There are two or three precautions which are necessary to the production of 
a pure result of this kind. In the first place, the iron ought to be soft and not pre¬ 
viously in a magnetic state. In the next, an effect of the following kind has to be 
guarded against. If the iron core be away from the dominant magnet at the begin¬ 
ning of an experiment, then, on working the machine, the galvanometer will be seen 
to move in one direction for a few moments, and afterwards, notwithstanding the con¬ 
tinued action of the machine, will return and gradually take up its place at 0°. If the 
iron core be at its shortest distance from the dominant magnet at the beginning of the 
experiment, then the galvanometer needle will move in the contrary direction to that 
which it took before, but will again settle at 0°. These effects are due to the circum¬ 
stance, that, when the iron is away from the dominant magnet, it is not in so strong 
a magnetic state, and when at the nearest to it is in a stronger state, than the mean 
or average state , which it acquires during the continuance of an experiment; and 
that in rising or falling to this average state, it produces two currents in contrary 
directions, which are made manifest in the experiments described. These existing 
only for the first moments, do, in their effects at the galvanometer, then appear, pro¬ 
ducing a vibration which gradually passes away. 

26/0. One other precaution I ought to specify. Unless the commutator changes 
accurately at the given points of the journey, a little effect is gathered up at each 
change, and may give a permanent deflection of the needle in one direction or the 
other. The tongues of my commutator, being at right angles to the direction of mo¬ 
tion and somewhat flexible, dragged a little in the to and from parts of the journey: 
in doing this they approximated, though only in a small degree, to that which is the 
best condition of the commutator for gathering up (and not opposing) the currents; 
and a deflection to the right or left appeared (2677-)’ Upon discovering the cause 
and stiffening the tongues so as to prevent their flexure, the effect disappeared, mid 
the iron was perfectly inactive. 

2671. Such therefore are the results with an iron core, and such would be the 
effects with a copper or bismuth core if they acted by a diamagnetic polarity. Let 
us now consider what the consequences would be if a copper or bismuth core were to 
act by currents, induced for the time, in its moving mass, and of the nature of those 
suspected (2642.). If the copper cylinder moved with uniform velocity (2665.), then 
currents would exist in it, parallel to its circumference, during the whole time of its 
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motion ; and these would be at their maximum force just before and just after the to 
or inner stop, for then the copper would be in the most intense parts of the magnetic 
field. The rising current of the copper core for the in portion of the journey would 
produce a current in one direction in the experimental helix, the stopping of the copper 
and consequent falling of its current would produce in the experimental helix a current 
contrary to the former; the first instant of motion outwards in the core would produce 
a maximum current in it contrary to its former current, and producing in the experi¬ 
mental helix its inductive result, being a current the same as the last there produced; 
and then, as the core retreated, its current would fall, and in so doing and by its final 
stop, would produce a fourth current in the experimental helix, in the same direction 
as the first. 

2072. The four currents produced in the experimental helix alternate by twos, f.e. 
those produced by the falling of the first, current in the core and the rising of the 
second and contrary current, are in one direction. They occur at the instant before 
and after the stop at the magnet, /. e. from the moment of maximum current (in the 
core) before, to the moment of maximum current after, the stop; and if that stop is 
momentary, they exist only for that moment, and should during that brief time be 
gathered up by the commutator. Those produced in the experimental helix during 
the falling of the second current, in the core and the rising of a third current (iden¬ 
tical with the first) in the return of the core to the magnet, are also the same in 
direction, and continue from the beginning of the retreat to the end of the advance 
(or from maximum to maximum) of the core currents, i. e. for almost the whole of the 
core journey; and these, by its change at the maximum moments, the commutator 
should take up and send on to the galvanometer. 

20/3. The motion however of the core is not uniform in velocity, and so, sudden 
in its change of direction, but, as before said (2665.), is at a maximum as respects 
velocity in the middle of its approach to and retreat from the dominant magnet; and 
hence a very important advantage. For its stop may be said to commence immediately 
after the occurrence of the maximum velocity; and if the lines of magnetic force were 
equal in position and power there to what they are nearer to the magnet, the con¬ 
trary currents in the experimental helix would commence at those points of the jour¬ 
ney ; but, as the core is entering into a more intense part of the field, the current in 
it still rises though the velocity diminishes, and the consequence is, that the maxi¬ 
mum current in it neither occurs at the place of greatest velocity, nor of greatest 
force, but at a point between the two. This is true both as regards the approach and 
the recession of the core, the two maxima of the currents occurring at points equi¬ 
distant from the place of rest near the dominant magnet. 

2674. It is therefore at these two points that the commutator should change, 
if adjusted to produce the greatest effect at the galvanometer by the currents excited 
in the experimental helix, through the influence of, or in connection with, currents 
of induction produced in the core; and experiment fully justifies this conclusion. 

2 a 2 
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J# the 'length oftfce journey froratbedtop out to rthe ntop whiebis 3 -inches,(264*. 
0644'.), be divMedinte 100 part*, and Iherdoininaatraagnetbesnpposed la bei on 
the right-hand, then such an ! expression ds, fcbe foHowingl 50)60, mty flepixaentytbe 
jAaee where the comnrntator'chonges^'Wiich ill 'this illustration would be raid way,in 
thfettOr&md frdmihortion,>Orati the pldqteof'grentqst 'tMlocity.i „! - l,<-n >:m> -><»i 

M 0675. Updn trial of Various adjustments ©fthe commutator, I have ,ftou»d tliatfeosa 
77|23 to 88| 12, gave the best result with a copper core. On the whole*, wad fftffer 
many experiments, of- eonplude :ttafc«wfth>*h#!,given '.strength- of ejnctro-magoet, 
dfetahce ofithe experimental cote- wbehat the penrestfMHa the megoet,,length .of, tbe 
*whoJe journey,'and 'average* velocity of the machine^ 85)14 Way. represent tbe-poiots 
'where the induced currents in the coro are ata ndfrimuip aojd where 4he oofnmotatpr 
'diigfrttd dfeaogelf' *•< V-.I /•«Kti'f«-*<> os >»> /(-f-juf <u u 'I,t • -■ t 1 

2676. From what bad been' gaidtbtefore (86€74» *t will'fee seen that; both ,in,theory 

and Experiment'thehe arfe the pointh ln which tbeeffecb offiany polarity, mpgnet«?.pr 
idihmhgnetic, would She abkolutEly nothing* Hence'ithe power of submitting by, this 
machine metals and other bodies to experiment, and Of eliminatingthe effects of mag- 
inetic polarity), Of diatnngnetio poliirity, and of ind uct i ve action, the one from the others : 
foreitherby the commutator or by the direction*of the polarity, they can -bB sepa- 
fated }* and further, they can also he combined in various .ways for the purpose,,of 
elucidating their joint and separate action. : : 

" 3677- For'letthe arrows ih tiiediagram represent ---<. «, r y,-,, 

fbe'td and'froihjourneyi'and the intersections (of, the >1 :■ ! i ;>»•' 

'Miles'at, ^or i e, , dy&u.ithe'periods!in the journbywl*Bn -/r 

‘thefeomnratator Chahges (In which oase-cyrf wHicor-!. ,t y^-o_i , )' VpA.iiU*! 

rEt pbnd to-S0|SO, and e^to* 86)14), tlien -a,b .will). ijT^T^T—T Moo • 

fephlEsent'itbof(condition of the ooiiuildtater fointbe .-m h.i. 

maximum effect of iron or any other polar body. if tbe line be *gradually* re¬ 
volved until 1 paralfel to lit' Will in , evCry'position* indicate 1 points of Cdtnimitator 

cbangd, Which 1 will give' the iron* (effect iat!£be gaivAnprobter bya- deflection -of the 
needle'alwdys in the- same direction r itisonJy wbbntheemlS a ahd ft have passSd 
-the) points «■ and i, either 1 above ob I bfilowiy thpt* tbd ’ditbotfiori df the deflection 1 will 
Change for iron .* 1 Bntlthe line^iA 'indioaties' thaise pbiatsfacrthe oommUtatoif trith 
Which'ho 1 effect will be prbdoced on the galvanometer , by the 1 inditebkmofciait-aalte 
Withe mass of the Eire., If the tohebeiidriiiiediirlonedireotian* its »*, k, then tHesp 
currents will pfoduoEadeflectidoat the gfeduabompter tin-one -side; ,ifi it -be'inclined 
-hi the otfher direction, as l, m, then the deffection w-ill* be oatbeother,Side,! -Tbene- 


fbdd the effects of these’indnoed cirrehls infly b©either!combined,With, l>r,opposed 
Wopthd effects df a’polarity, whetheE itibe magneticondiamagaetie, .!. ; 

i - 367b. Afl tbfc metali befe re mentioned (26&6 j), namely,' goldy stlvtiiVcopper, tip, lead, 
'pludna; antimony and bismcth, werd submitted to the <pmreir of. the elcctvo<ihdgnbt 
aWiar the beet adjustnnent (067Si-) >df the' com mQtator.! ' The., Efftcts rirere/ stronger 
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tftftf'befbft; bteing f no(rat<a tnhxinia irf, bnt m the* tame Order *3 * ws ntgaedfed' awftintoiiy 
etuMlistf ikb, thdywefe’vnry emitt,' atnmin tidg (So not mat e than half a degree* fend may 
^lydpfttsabty have betth dueitodftmAinder.oF-. irregular attioni intBotoe paurt ef the 
flpjtfrtlftc All ! theeicpieriftdntd'wHH the dMded'«w«!(&6&6*i&oj):wereirepeated with 
the satne results as bef(Hh;»>)Phdsphonas^sBlphlir ahdtgutitaip^rahaidtd fewt, either 
ft tlbfrdt’•ft'the’fei'lrferi*tatelufnttecbnftHltatmygilve anyindibatibn of.effect pt'the 
gtftVafcftiet^ft'i" '>iH nO " >•' tk|(jo‘> j: ibiw tiin-rj v-»d ■,(!> ‘>mv i 

• > *SSF9! 'Ai'ttfc' illUstMatfott’of <the mariner’ft-which ihis/poskidn «f*the commutator 
'MbAed’dShphi-htitoit WC tttfe <eflfe6t$-ofe0ppdr and riwnyl ball prepared-a coppercylintkr 
riftib' 2'lltebtS' ft i length^ hdvlbg mHrim wTh-q tin 1 its laxis^ and tibia* being 'employed 
Itt’tflS'ttpputdtlis ga^tf' tine pore'effect ■ot'itbeicoppentritib -iminduded : aurle#rt)s.t;>Yet 
this core, as a whole, was highly magnetic to an ordinary test-needUht,ftld whwMbe 
tWb'ihHhgeisbP tlie «omnriitHtor *were not equldifetianfe hr oft the 1 ond stop oil tiar other 
( l 2670l , 5JB77 ),'' ttie !, ii1oB 'eflfecC odfte yiii pdwerrFullff overruling tbefwfruel’ajwl pro- 
‘tltlbiid^- Vdi , y !: StVdtig'cont»'ary di£he<**icMs at thb needle, ! The plattlnum core* which!I 
flttVe feetl is'hTi ibiperfect tylmdeCy2 ihcheslong and 0t62*of an itioh thick,; it points 
inhgh’etiCtdly between ‘the’ poles' ofh * liOrleshoeeliictronnagnet: (S58 1,)$ 1 making * a 
vibration' ft ■ less ’tlitfn ti second; 1 buti 'with the above condition, <of the .doiiMhutator 
*(2675'. , )'gll'6S ! 4° of deflection dneloithe induced cutrents, thC'inaghetir effect being 
annulled or thrown out. n<>’"u. >»i.hj«i >- Inn i«i :■ > >>>■•’ y. •,,'•> ’ ,1 

2680, Some of the combined effects produced> by’oblique posiiitav df thfe commu¬ 
tator points were worked out ft Confirmation''of the 1 former conolusioiks- (207/,) • 
When Ihe commutator was so adjustedasto fcomlwhe any polar power whk'h the 
bismuth, as a diamagnetic body," might 'possess^ With,any conducting* power which 
would permit the formation of‘Currents byindcctioniirt its brass<(867&')v Mill,the 
effects were so minute and uncert&in ofe to’ Oblige me fo Jay-that,■ experimentally, it 
-ft'MrHhobfceithet-polar ft indudtive Action J ■» ■ t<' fiu. •>•/*■«■,< ,,.>>, 1 '! mo, 

i"’ae»K" Theft ft another distinction whrehmay UsefuHy.be established! between I the 
; oflfe<Sts ofih'ftltd sustdinablo pefcifity, either 'magnetic' odidiariMignetidirind those’of 
tthe-t^an fetcht ihdoced’current s*dripenrdent upon time. If wb corisider-the ftsidtimoe 
Sri'tlwe'dirdhUi vrtlidh incboded thd'eBpCrimehtdl helix rind* the gaivftx«neter«Qii,&s 
dftthlngy’then' ai mbgnetiepole of^onstant! strength,,pbsetd raf*ert»«t !dwta»ee,ftto 
4l*e helixV'would'prodiftfc the, same awn btmtdf cmirent! electricity ini it^iwhethdr’tbe 
■polfe' weft trioved into itsplaoe hyid qnibk ior*b ulofw motion. * *Qr if the iron oore be 
hlScd'^aOfift.) 1 the tameresult is 'produced, provided* •in’abyaUerhating; action, the 
OOft'Ss leftiiang'«noUgh a6fthe'CKti,emities of* its fjoucney to, acq>mr{), either, in its 
lq«ick!Or«lo#'altdrnaHbny the riameltate,i This i found ’to: be-the fact*when nb com¬ 
mutator nor domiwant magnbt was tnsed ca,dinglelusertion ofia wertk magnetic'poke 
, ^avfe thfc. same deflefctiob 1 ,' whether;introduced qatibkly, or, slodly, r and Srhdn tbo,resi- 
iduttl dotmbaiit niaghet, Bfn irori' wlrb ooreytaad the obmoMimtor itv- its positiont^ b 
ifp&jyty were'useik’four’Jdurneys'to and' fretoi *pr-oditbed the uwwwr effect at the galva¬ 
nometer when the velocities were as 1:5 or even as 1:10 . 
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2682* When a copper, silver, or gold core is employed in place of the iron, the effect 
is very different. There is no reason to doubt, that, as regards the core itself, the 
same amount of electricity is thrown into the form of induced circulating currents 
within it, by a journey to or from, whether that journey is performed quickly or 
slowly: the above experiment (2681.) in fact confirms such a conclusion. But the 
effect which is produced upon the experimental helix is not proportionate to the 
whole amount of these currents, but to the maximum intensities to wliich they rise. 
When the core moves slowly, this intensity is small; w hen it moves rapidly, it is 
great, and necessarily so, for the same current of electricity has to travel in the two 
differing periods of time occupied by the journeys. Hence the quickly moving core 
should produce a far higher effect on the experimental helix than the slowly moving 
core; and this also I found to be the fact. 

2683. The short copper core was adjusted to the apparatus, and the machine 
worked with its average velocity until forty journeys to and from had been completed ; 
the galvanometer needle passed 39° west. Then the machine was worked with a 
greater rapidity, also for forty journeys, and the needle passed through 80° or more 
west; finally, being worked at a slow rate for the same number of journeys, the needle 
went through only 21° west. The extreme velocities in this experiment were pro¬ 
bably as 1:6; the time in the longest case was considerably less than that of one 
vibration of the needle (2651.), so that I believe all the force in the slowest case was 
collected. The needle is very little influenced by the swing or momentum of its 
parts, because of the deadening effect of the copper plate beneath it, and, except to 
return to zero, moves very little after the motion of the apparatus ceases. A silver 
core produced the same results. 

2684. These effects of induced currents have a relation to the phenomena of revul¬ 
sion which I formerly described (2310. 2315. 2338.), being the same in their exciting 
cause and principles of action, and so the two sets of phenomena confirm and illus¬ 
trate each other. That the revulsive phenomena are produced by induced currents, 
has been shown before (2327. 2329. 2336. 2339.); the only difference is, that with 
them the induced currents were produced by exalting the force of a magnet placed at 
a fixed distance from the affected metal; whilst in the present phenomena, the force 
of the magnet does not change, but its distance from the piece of metal does. 

2685. So also the same circumstances which affect the phenomena here affect the 
revulsive phenomena. A plate of inetal will, as a whole, be well-revulsed ; but if it 
be divided across the course of the induced currents it is not then affected (2529.). 
A ring helix of copper wire, if the extremities be unconnected, will not exhibit the 
phenomena, but if they he connected then it presents them (2660.). 

2686. On the whole, the revulsive phenomena are a far better test and indication 
of these currents than the present effects; especially if advantage be taken of the 
division of the mass into plates, so as to be analogous, or rather superior, in their 
action to the disc cylinder cores (2659. 2661.). Platinum, palladium and lead in leaf 
or foil, if cut or folded into squares half an inch in the side, and then packed regularly 
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together, will show the phenomena of revulsion very well; and that according to the 
direction of the leaves, and not of the external forin. Gold, silver, tin and copper 
have the revulsive effects thus greatly exalted. Antimony, as I have already shown, 
exhibits the effect well (2514, 2519.). Both it and bismuth can be made to give 
evidence of tlie induced currents produced in them when they are used in thin plates, 
either single or associated, although, to avoid the influence of the diamagnetic force, 
a little attention is required to the moments of making and breaking contact between 
the voltaic battery and the electro-magnet. 

2687* Copper, when thus divided into plates, had its revulsive phenomena raised 
to a degree that I had not before observed. A piece of copper foil was annealed and 
tarnished by heat, and then folded up into a small square block, half an inch in the 
side and a quarter of an inch thick, containing seventy-two folds of the metal. This 
block was suspended by a silk film as before (2248.), and whilst at an angle of 30° or 
thereabouts with the equatorial line (2252.), the electro-magnet was excited; it im¬ 
mediately advanced or turned until the angle was about 45° or 50°, and then stood 
still. Upon the interruption of the electric current at the magnet the revulsion came 
on very strongly, and the block turned back again, passed the equatorial line, and 
proceeded on until it formed an angle of 50° or 60° on the other side; but instead of 
continuing to revolve in that direction as before (2315.), it then returned on its course, 
again passed the equatorial line, and almost reached the axial position before it stood 
still. In fact, as a mass, it vibrated to and fro about the equatorial line. 

2688. This however is a simple result of the principles of action formerly developed 
(2329. 2330.). The revulsion is due to the production of induced currents in the 
suspended mass during the falling of the magnetism of the electro-magnet; and the 
effect of the action is to bring the axis of these induced currents parallel to the axis 
of force in the magnetic field. Consequently, if the time of the fail of magnetic force, 
and therefore of the currents dependent thereon, be greater than the time occupied 
by the revulsion of the copper block as far as the equatorial line, any further motion 
of it by momentum will be counteracted by a contrary force; and if this force be 
strong enough the block will return. The conducting power of the copper and its 
division into laminee, tend to set up these currents very readily and with extra power; 
and the very power which they possess tends to make the time of a vibration so short, 
that two or even three vibrations can occur before the force of the electro-magnet has 
ceased to fall any further. The effect of time, both in the rising and falling of power, 
has been referred to on many former occasions (2170. 2650.), and is very beautifully 
seen here. 


2689. Returning to the subject of the assumed polarity of bismuth, I may and 
ought to refer to an experiment made by Reich, and described by Weber*, which, if 

* TaylorV Scientific Memoirs, v. p. 480. 
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I understand the instruction aright, is as follows: a strong horseshoe magnet is laid 
upon a table in such a position that the line joining its two poles is perpendicular to 
the magnetic meridian and to be considered as prolonged on one side; in that line, 
and near the magnet, is to be placed a small powerful magnetic needle, suspended by 
cocoon silk, and on the other side of it, the pole of a bar magnet, in such a position 
and so near, as exactly to counteract the effect of the horseshoe magnet, and leave 
the needle to point exactly as if both magnets were away. Then a mass of bismuth 
being placed between the poles of the horseshoe magnet is said to react upon the 
small magnet needle, causing its deflection in a particular direction, and this is sup¬ 
posed to indicate the polarity of the bismuth under the circumstances, as it has no 
such action when the magnets are away. A piece of iron in place of the bismuth 
produces the contrary deflection of the needle. 

2690. I have repeated this experiment most anxiously and carefully, but have never 
obtained the slightest trace of action with the bismuth. I have obtained action with 
the iron; but in those cases the action was far less than if the iron were applied 
outside between the horseshoe magnet and the needle, or to the needle alone, the 
magnets being entirely away. On using a garnet, or a weak magnetic substance of 
any kind, I cannot find that the arrangement is at all comparable for readiness of 
indication or delicacy, with the use of a common or an astatic needle, and therefore 
I do not understand how it could become a test of the polarity of bismuth when these 
fail to show it. Still I may have made some mistake; but neither by close reference 
to the description, nor to the principles of polar action, can I discover where. 

2691. There is an experiment which Plucker described to me, and which at first 
seems to indicate strongly the polarity of bismuth. If a bar of bismuth (or phos¬ 
phorus) be suspended horizontally between the poles of the electro-magnet, it will 
go to the equatorial position with a certain force, passing, as I have said, from 
stronger to weaker places of action (2267.). If a bar of iron of the same size be fixed 
in the equatorial position a little below the plane in which the diamagnetic bar is 
moving, the latter will proceed to the equatorial position with much greater force 
than before, and this is considered as due to the circumstance, that, on the side 
where the iron has N polarity, the diamagnetic body has S polarity, and that on the 
other side the S polarity of the iron and the N polarity of the bismuth also coincide. 

2692. It is however very evident that the lines of magnetic force have been altered 
sufficiently in their intensity of direction, by the presence of the iron, to account 
fully for the increased effect. For, consider the bar as just leaving the axial position 
and going to the equatorial position ; at the moment of starting its extremities are in 
places of stronger magnetic force than before, for it cannot be doubted for a moment 
that the iron bar determines more force from pole to pole of the electro-magnet than 
if it were away. On the other hand, when it has attained the equatorial position, 
the extremities are under a much weaker magnetic force than they were subject to 
in the same places before; for the iron bar determines downwards upon itself much 
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dominant magnet, and that these induce the currents which are observed in the ex¬ 
perimental helix. Whether the cores act directly on the experimental helix or indi¬ 
rectly through their influence on the dominant magnet, is a very interesting question, 
and 1 have found it difficult to select expressions, though I wished to do so, which 
should not in some degree prejudge that question. It seems to me probable, that 
the cores act indirectly on the helix, and that their immediate action is altogether 
directed towards the dominant magnet, which, whether they consist of magnetic or 
diamagnetic metals, raises them into power either permanently or transiently, and 
has their power for that time directed towards it. Before the core moves to approach 
the magnet, the magnet and experimental helix are in close relation; and the latter is 
situated in the intense field of magnetic force which belongs to the pole of the former. 
If the core be iron, as it approaches the magnet it causes a strong convergence and 
concentration of the lines of magnetic force upon itself; and these, as they so con¬ 
verge, passing through the helix and across its convolutions, are competent to produce 
the currents in it which are obtained (2653. 2668.). As the iron retreats these lines of 
force diverge, and again crossing the line of the wire in the helix in a contrary direc¬ 
tion to their former course, produce a contrary current. It does not seein necessary, 
in viewing the action of the iron core, to suppose any direct action of it on the helix, 
or any other action than this which it exerts upon the lines of force of the magnet. 
In such a case its action upon the helix would be indirect. 

2697. Then, by all parity of reasoning, when a copper core enters the helix its ac¬ 
tion upon it should be indirect also. For the currents which are produced in it arc 
caused by the direct influence of the magnet, and must react equivalently upon it. 
This they do, and because of their direction and known action, they will cause the 
lines of force of the magnet to diverge. As the core diminishes in its velocity of mo¬ 
tion, or comes to rest, the currents in it will cease, and then the lines of force will 
converge; and this divergence and convergence, or passage in two directions across 
the wire of the experimental helix, is sufficient to produce the two currents which 
are obtained in the advance of the core towards the dominant magnet (2671. 2673.). 
A corresponding effect in the contrary direction is produced by the retreat of the 
core. 

2698. On the idea that the actions of the core were not of this kind, but more 
directly upon the helix, I interposed substances between the core and the helix during 
the times of the experiment. A thick copper cylinder 2'2 inches long, 0*7 of an inch 
external diameter, and 0*1 of an inch internal diameter, and consequently 0*3 of an 
inch thick in the sides, was placed in the experimental helix, and an iron wire core 
(2668.) used in the apparatus. Still, whatever the form of the experiment, the kind 
and amount of effect produced were the same as if the copper were away, and either 
glass or air in its place. When the dominant magnet ..was removed and the wire 
core made a magnet, the same results were produced. 

2699. Another copper lining, being a cylinder 2*5 inches long, 1 inch in external 
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diameter, and one-eighth of an inch in thickness, was placed in the experimental 
helix, and cores of silver and copper five-eighths of an inch in thickness, employed as 
before, with the best condition of the commutator (2675.): the effects, with and 
without the copper, or with and without the glass, were absolutely the same (2698.). 

2/00. There can be no doubt that the copper linings, when in place, were full of 
currents at the time of action, and that when away no such currents would exist in 
the air or glass replacing them. There is also full reason to admit, that the 
divergence and convergence of the magnetic lines of force supposed above (2697.) 
would satisfactorily account for such currents in them, supposing the indirect action 
of the cores were assumed. If that supposition be rejected, then it seems to me that 
the whole of the bodies present, the magnet, the helix, the core, the copper lining, or 
the air or glass which replaces it, must all be in a state of tension, each part acting 
on every other part, being in what I have occasionally elsewhere imagined as the 
electro-tonic state (1729.). 

2701. The advance of the copper makes the lines of magnetic force diverge, or, so 
to say, drives them before it (2697.). No doubt there is reaction upon the advancing 
copper, and the production of currents in it in such a direction as makes them com¬ 
petent, if continued, to continue the divergence. But it does not seem logical to say, 
that the currents which the lines of force cause in the copper, are the cause of the 
divergence of the lines of force. It seems to me, rather, that the lines of force are, so 
to say, diverged, or bent outward by the advancing copper (or by a connected wire 
moving across lines of force in any other form of the experiments), and that the re¬ 
action of the lines of force upon the forces in the particles of the copper cause them 
to be resolved into a current, by which the resistance is discharged and removed, and 
the line of force returns to its place. I attach no other meaning to the words line 
of force than that which I have given on a former occasion (2149.). 


Royal Institution , 
U Dec. 1849. 


2 B 2 



188 DR. FARADAY’S EXPERIMENTAL RESEARCHES IN ELECTRICITY. (SERIES XXIII.) 


Plan of the Apparatus employed in Dr. Faraday’s Researches, Series XXIII. p. 172. 



dy by c frame board; d : d, d wooden lever, of which e is the axis, /the crank-wheel, and // the 
great wheel with its handle h ; i the bar connecting the crank-w heel and lever; k a cylinder or core 
of metal to be submitted to experiment; / the rod connecting it with the lever; m the helix of the 
electro-magnet; n the iron core, and o the exciting battery ; /> the experimental helix ; y the galvano¬ 
meter, 20 feet from the electro-magnet; r the commutator; v\ w connecting wires; # springs oi 
brass or copper; t a copper rod connecting the two arms of the lever, to give strength. The plan is 
to a scale of one-fifteenth; the part at the electro-magnet and experimental helix is in section ; the 
further description is in paragraphs 2(513, 2(314, 2645 and 2(51* of the Experimental Researches. 
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THE following observations, which I have ventured to offer to the Royal Society, 
are intended to demonstrate the mode of evolution of the essential parts of the visual 
and auditory apparatus. 

In the first part I have considered the mode of development of the optic nerve and 
retina, and also of the various layers of this membrane. In the second part, I have 
traced the evolution of the membranous labyrinth and auditory nerve. Many of these 
observations have not (as far as I am acquainted) been previously made, at the 
same time they will, I think, confirm in a remarkable manner the account that has 
already been given of the structure of these parts*. 

In the minute and accurate account of the structure of the retina which Mr. Bow¬ 
man has lately given in a series of lectures on the Anatomy of the Eye, he has shown 
that this essential part of the visual organ “ is a nervous sheet containing nearly all the 
structural elements that are found in any part of the nervous system, consisting of an 
unbroken sheet of gray nervous matter, continuous by its fibrous internal surface with 
the axes of the tnbules of the optic nerve, and having its external surface formed by 
A structure similar to that of the cineritious substance of the cerebral hemispheres. 
Its permeation by a close network of capillaries assimilates it still further to the gray 
nervous matter,* for which reasons it may be considered as a portion of the cerebrum 
advanced towards the surface of the body in a suitable relation to a dioptric appa¬ 
ratus for the reception of rays of light from external objects.” 

The following observations are intended to demonstrate the evolution and mode 
of development of this membrane in the embryo chick, and they will, I think, con¬ 
firm in a most striking manner the account that has been given of the structure of 
this part. 

It is not until the thirty-third hour of incubation that there is any indication of the 
evolution of the retina or of the rudimentary eye. At the thirty-first hour (Plate VIII. 
fig. 1) the cephalic extremity of the embryo is indicated by its presenting a somewhat 

* Some of the observations on the development of the retina may be found in my Prize Essay " On the Ana¬ 
tomy and Physiology of the Nerves of the Human Eye/' contained in the Library of the Royal College of Sur¬ 
geons, but unpublished. 
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dilated end, but no protrusion can be observed in the situation where the eye is to be 
subsequently formed. At the thirty-third hour (fig. 2) there is observed on each side 
of the cephalic extremity a protrusion of its walls, which at the thirty-sixth hour (fig. 3) 
has very much increased, having become more elongated and protruded outwards, 
presenting a somewhat dilated end, and being slightly constricted at its connection 
with the cerebral cell from which it arises; the whole embryo is enlarged, and now 
there is a distinct division of the brain into its several primitive cells; this protrusion, 
which is well represented in fig. 3, is the first distinct indication of the mode of deve¬ 
lopment of this membrane. 

In an embryo chick, examined at the forty-sixth hour of incubation from the cere¬ 
bral aspect (figs. 4 and 5), the future brain consisted of several cells; the anterior, 
which was the largest, corresponded to the cerebral lobes; the middle, smaller in size, 
to the future optic lobes; and the posterior, the smallest, but most elongated, to the 
medulla oblongata. From the most anterior one there arose a protrusion on each side, 
having a somewhat dilated extremity: this protrusion I will call the optic vesicle. The 
cavity of the cerebral cell from which it arose was very distinct and its wall clear and 
pellucid, and appeared to communicate with the optic vesicle, which was also hollow. 

As the cavity of the cerebral cell passed outwards on both sides into the optic 
vesicle it became less distinct, as there the wall of the vesicle, which is darkly gra¬ 
nular, makes it in this situation less apparent, whilst the cavity in the cerebral cell 
itself was distinctly seen from the thinness of its wall on its ventral aspect. If the 
embryo is examined from its dorsal surface (its natural position in the egg), the cere¬ 
bral cell presents an external convex surface, whilst projecting from each side are 
seen the optic vesicles. The cavity of the cell and its communication with the optic 
vesicle, cannot on this surface be distinctly demonstrated on account of its wall being 
thicker than on the ventral side. The optic vesicle is bounded externally by a well- 
defined line which lines the outer surface of the protrusion, and seems to be con¬ 
nected with the envelopes of the cerebral mass; this is again bounded by the tegu¬ 
mentary layer of the embryo. When examined with a high magnifying power, the 
vesicle presented a pale granular texture without any indication of cellular structure. 
This description of the origin of the retina, although confirmed by similar observa¬ 
tions, described by Baer in the Encyclopedic Anatomique, tom. viii., is not in accord¬ 
ance with that of some other celebrated physiologists. According to Wagner, the pro¬ 
trusion which forms the future retina arises from the middle and anterior cerebral cells, 
whilst Huschke describes it as “ a simple rudiment, consisting of a fosette; that the 
dorsal laminae form in front of their anterior dilatation, the first cerebral cell ulti¬ 
mately dividing this into two lateral halves, from which result the two rudimentary 
eyes.” He says also that this fosette is formed before the end of the first day. From 
many observations I have made I could never see what these observers have de¬ 
scribed, and, coinciding as my observations do so exactly with those of Baer, the 
conclusions which I have stated regarding the origin of this membrane would seem 
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to be thereby confirmed. On examining a chick nine hours after this period, that is, 
at the fifty-fifth hour of incubation (fig. 6), the cavity before so distinctly seen in the 
anterior cerebral cell was much less apparent; the walls of the cell have also much 
increased in size, not only projecting upwards but laterally, so as partly to cover 
over the inner portion of the protruded optic vesicle, which at the second day was so 
distinctly seen; the head had also become more curved, which rendered a good ex¬ 
amination of the eye somewhat difficult. On manipulating the specimen so as to ob¬ 
tain a view from above downwards, the embryo lying on its ventral surface, the outer 
portion of the protruded vesicle was distinctly seen bounded by a clear defined inner 
border and an outer paler one; the dark inner one was lost in the dark granular mass, 
which by its circular form indicated the rudimentary eye; the outer layer was the 
external tegumentary membrane of the embryo. At the sixty-second hour (Plate IX. 
fig. 8) the optic vesicle is seen to be apparently situated between the anterior and 
middle cerebral cells; this I believe depends on the great increase of development of 
these cells, and the curved form which the head now assumes, making its apparent 
origin to be from both, as stated by Wagner. On carefully examining it, the exterior 
dark line was beautifully defined all around, and presented the appearance of an outer 
covering to the eyeball; in this apparent cavity was seen a pyriform vesicle, the future 
retina, presenting a distinct outline, except at its inner side, where it became constricted 
and of a tubular form, and to all appearance was continuous with the cerebral mass; 
this constricted portion, the tubular end, I suppose to be the optic nerve, the dilated 
portion the retina. Internal to the retina was the circular crystalline lens, with its 
central but indistinct nucleus. The conclusions I have come to, from the observa¬ 
tions made on the specimens from which the drawings 5,6 and 8 are taken, are quite 
at variance with those of Huschke. He says that between the second and third 
days the two layers of the retina are formed in the following manner. He describes 
the capsule of the lens as being an inverted portion of the common integument, 
which pushes inwards the dilated end of the optic vesicle, and thus forms a double 
layer; the outer one he describes as Jacob’s membrane, the inner inverted one the 
true retina. In order to ascertain the correctness of this statement, I examined the 
eye at four successive periods between the second and third days, at the forty-eighth, 
fifty-fifth, sixty-second and seventy-second hours. I not only examined them late¬ 
rally, as they naturally presented themselves on removing them from the egg, but 
both on their dorsal and ventral aspect; and if the lens had been, as he described, an 
inversion of the integument pressing in the dilated end of the optic vesicle, both of 
the latter positions would have been most favourable for demonstrating it. Thelfens 
is however formed in quite a different manner; it is first seen as a rather ill-defined 
granular mass in the cavity of the vesicle itself, containing in its centre a nucleus : 
this is seen on the first half of the third day. On the third it becomes more distinct, 
a well-defined line now bounds its margin; between the fourth and fifth days, the 
granules become darker and more aggregated towards the centre, leaving a space 
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bounded by a dark outer line; this is now the capsule of the lens, the inner one the 
bounding margin of the lens itself. Nor could I ever see satisfactorily any doubling- 
in of the retina so as to form two layers, for in no position that I put the embryo, in 
each of the several examinations that I made, could I ever detect but a single layer; 
and besides, as I shall show hereafter, Jacob’s membrane is not developed until a 
much later period. I cannot forbear here adding the conclusions Bischoff has come 
to from his observations on this point. Although many anatomists of great reputa¬ 
tion follow the opinion of FIuschke, he says, “ Malgr£ ces autorittis je dois avouer 
qu’il m’a <*tt* impossible meme chez de trfcs jeunes embryons de chien, de lapin, et de 
rat, d’apergevoir sur la face antei'ieure de l’ceil aucune trace d’une semblable intro¬ 
mission des teguments exterieurs, quoique dans certains cas, je sois restfj incertain de 
savoir s’il existait deja une capsule cristalline et un cristallin*.” 

At the seventieth hour (fig. 7) the circular outline of the eyeball has become quite 
distinct, not only externally, but now the line may be traced internally, where pre¬ 
viously it was only indicated by the dark circular granular mass, the forming eyeball. 
The lens is also more distinctly seen bounded by its well-defined circular border, in¬ 
dicating its forming capsule, and the nucleus in its centre is plainly visible. When 
examined on its under surface, the embryo lying on its dorsal aspect, the original 
protrusion is seen to have become still more pyriform in shape and more constricted 
at its inner part, so that the more dilated portion now clearly resembles the future 
retina, the constricted and tubular portion the optic nerve; the more gradual con¬ 
traction of this protrusion and separation of it from the cerebral mass is also now 
more clearly seen. The cavity, which on the second day existed in the cerebral cell 
and communicated with the protrusion, is now closed in, with the exception of a 
distinct fissure, which, commencing by curved borders at the margin of the lens, was 
seen to be continued inwards in the direction of the cerebral mass through the 
tubular portion of the protrusion, the optic nerve. 

The fissure seems to be evidently connected (as Bischoff also supposes) with the 
separation which is effected between the ocular vesicle and the pedicle by which it is 
connected with the cerebral cell, the fissure at first being wide and extending as far 
as the anterior part of the eye, at its inferior and inner side; but as the tubular por¬ 
tion of the protrusion becomes more solidified and converted into the true optic nerve, 
the fissure becomes much narrowed. No doubt this is analogous to the fissure which 
exists permanently in the retina and optic nerve in Fishes, as is seen in the Cod. In 
the Turtle the fissure exists in the nerve though not in the retina, whilst in Birds it 
appears to be the same slit which is here described, through which the pecten gains 
admission into the interior of the eye. 

On the first half of the fourth day (fig. 9 ) the whole organ seems to be increased 
in size: the exterior lamina was distinctly continuous all round, and was of a dark 
granular texture; the second layer the retina presented a different appearance to 

* Anatomie Encyclopedic, tom. viii. p. 324, 
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what was seen on the third day; it had become more spherical in shape and increased 
in size; it now appeared to commence at the margin of the lens, which was situated 
at the more anterior part of the eye; it could not be traced around it, as in some of 
the preceding observations, but only overlapped it slightly by a thin beveled border, 
so that it appeared that the most external part of the original protruded vesicle had 
become absorbed to complete the formation of this rapidly developing membrane. 
The tubular portion of the original protrusion (the optic nerve), from the great deve¬ 
lopment of the cerebral mass, was hidden from view. 

On the fourth day (fig. 10) the eye had become more spherical in form, the outer 
envelope was distinct and darkly granular; it appeared now to terminate at the edge 
of the lens, whilst a paler line could be traced over this body, an evident indication 
of the formation of the sclerotic and cornea. The retina was now less distinctly 
marked on account of the dark granular tinge beneath the outer envelope; from the 
formation of the pigment in the epithelial cells of the choroid, it could now only be 
traced to the edge of the lens, not overlapping it as in the last examination: a distinct 
fissure was still perceptible on the under surface. 

On the fifth day (fig. 11) the eye had greatly increased in size; and along its under 
surface the fissure was seen running, from its anterior part at the margin of the lens, 
to a line which bordered the back part of the sclerotic; the capsule of the lens was 
distinctly formed and separate from the lens itself. Both optic nerves were seen; they 
were tubular inform and presented a pale granular appearance; they passed inwards 
in the direction of the under surface of the corpora quadrigemina, but they were not 
united together in the chiasma until the seventh day. At this period, on making a 
vertical section of the organ, the retina was to the naked eye distinctly observed to 
arise from the margin of the lens, and could be detached from the other membranes 
as a perfectly distinct and separate layer. 

From these observations it is seen that the retina is originally a protrusion from 
the anterior cerebral cell, being hollow and communicating with its cavity; that as 
the progressive development of the brain takes place, the optic vesicle becomes more 
separated from its parent cell and assumes a pyriform shape, presenting a dilated ex¬ 
tremity, the future retina, and a tubular portion (the optic nerve). In progress of de¬ 
velopment a fissure is observed on its under surface, which is evidently connected 
with the separation which is effected between the ocular vesicle and the tubular 
pedicle (the optic nerve) which connects it with the cerebral cell. As this tubular 
prolongation becomes solidified so as to form the optic nerve, no communication can 
be traced between the optic vesicle and the cavity, from which it is an offset. By de¬ 
grees the spherical end of the protrusion is absorbed, and the retina, now fully 
formed, becomes attached to the margin of the lens, having previously completely 
surrounded that body. The optic nerve can then be seen not only to be connected 
to the anterior cerebral cell, but uniting with its fellow at the under surface of the 
optic lobes, is seen partly to terminate in those bodies. 
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1 shall proceed, in the next place, to consider the development of the various layers 
of the retina. 

Structure of the Retina of the Chick at the Eighth Day of Incubation. 

The retina may at this period be distinctly separated as a thin transparent layer 
from the other membranes. Its choroidal surface appears to be composed of a closely 
aggregated mass of globular nuclei; these bodies are about the size of the red cor¬ 
puscles of the blood, and form about one-half of the entire thickness of the mem¬ 
brane; they apparently correspond to the “agglomerated granules” mentioned by 
Bowman as forming a considerable portion of the membrane in the normal state; 
they are highly refractive and of a slight yellow tinge. The deep surface of the 
membrane consists of some fine granular matter, and a mass of pale and exceedingly 
delicate nucleated cells, precisely similar to those surrounding the meshes of the 
fibrous lamina in the normal structure of the membrane. No trace at this period ex¬ 
isted of either the membrana Jacobi, or the fibrous lamina of the retina. 

On the Development of the Membrana Jacobi. 

Between the thirteenth and fourteenth days the choroidal surface of the retina pre¬ 
sents an exceedingly fine pale granular stratum, which covers in the “agglomerated 
granular mass” beneath. On the fifteenth day numerous exceedingly minute and 
highly refractive yellowish granules are imbedded in it; they vary in size, between 
the 5000th and the 8000th part of an inch in diameter, and around some of these a 
fine delicate cell-wall can be traced; if a good view can now be obtained of this sur¬ 
face, it will present the appearance of a delicate epithelial layer. This I believe to be 
the first stage in the development of Jacob’s membrane; for on the eighteenth day the 
cells, which were previously of a circular form, had now become elongated, some 
being of an oval shape, whilst in others the almost perfect rod-like body was formed ; 
they now lie in a slightly imbricated manner, and their nuclei, which are of a bright 
yellow colour, are placed at the apices of the rods ; in some cases however they occupy 
the middle of these bodies; their deep ends are larger than their choroidal ends, and 
are strongly attached by this surface to the “agglomerated granular layer” beneath ; 
so intimate is their connexion that it is difficult to get a good view of a single rod in 
the field whilst examining them, probably on account of their perfect separation 
from this layer not having yet taken place. On the twenty-first day Jacob’s mem¬ 
brane is similar to what is seen in the full-grown bird; the rods are now closely 
packed together, standing perpendicularly upwards, and all of an elongated cylin¬ 
drical form, their tips being occupied by the brilliant yellow bodies before noticed. 

On the Development of the Fibrous Lamina. 

The first trace of the fibrous lamina is seen between the fourteenth and fifteenth 
days: on examining the deep surface of the retina at this period, it is seen to be com- 
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posed of a very fine pale granular lamina, marked by numerous faint longitudinal 
striae: on the eighteenth, this lamina, when separated from the rest of the membrane, 
is composed of numerous fibrillated bundles, which interlacing with each other form 
numerous meshes, in which are deposited the gray nucleated vesicles, which are seen 
to be formed as early as the eighth day. On the twenty-first day this lamina presents 
the same structure as is found in the full-grown bird. The preceding observations can, 
I think, be applied in explanation of some lately disputed points in connection with 
the anatomy and physiology of the retina and optic nerve. And first of the retina. 

This membrane has been seen to arise as a protrusion from the cells forming the 
future brain. Now in the microscopic anatomy of this membrane, as described by 
Bowman, the vesicular layer of the retina is stated to be analogous to the vesicular 
layer of the hemisphere of the brain, whilst Henle, and other anatomists of great 
note, consider the elements of this layer to be more analogous to epithelium. From 
the circumstance of the retina arising, as it undoubtedly does, from the cerebral cells, 
being in fact part of them and performing a similar function, we have, I think, a great 
proof of the similarity in the structure of these two parts. There is another point 
also, I think, of some importance in proving, as it does, that the opinion of some 
modern anatomists is incorrect in stating that none of the fibres of the optic nerve 
can be traced to the optic thalamus. I have said that the origin of the retina is from 
the anterior cerebral ceil, and that at a future period the optic nerve could be traced 
uniting with its fellow of the opposite side beneath the optic lobes. It is in the 
anterior cerebral cell that the thalami are subsequently formed, which makes it ex¬ 
ceedingly probable that some of its fibres are connected with it, although the greater 
majority may be traced to the optic lobes. 

These facts I think are of some importance, and prove how deductions formed 
from microscopic embryology may be applied to confirm dissections or microscopic 
investigations made on the same parts in the mature animal. 

On the Development of the Membranous Labyrinth and Auditory Nerve . 

The observations I made prior to my description of the mode of evolution of the 
retina will almost apply here as a preface to my observations on the development of 
the membranous labyrinth and auditory nerve, for the essential part of this mem¬ 
brane consists, like the retina, of a fibrous lamina formed of the terminal axes, 
cylinders of the nerve tubules or of terminal loops of nerves, which are in intimate 
relation with a layer of dark and closely-set nucleated cells, not unlike those found 
lying between the meshes of the fibrous lamina of the retina; like it also, it may be 
regarded (as the following observations will show) as a protruded portion of the 
brain, modified somewhat in its texture and connected with an appropriate apparatus, 
which receives and transmits its peculiar impressions. 

The following observations are intended to demonstrate the mode of development 
of this membrane, and they will, I think, confirm, not only the description given of 

2 c 2 



196 MR. H. GRAY ON THE DEVELOPMENT OP THE RETINA AND OPTIC NERVE, 


the structure of this part, but show the striking analogy which exists between it and 
the retinal expansion. 

At present two opinions exist regarding the evolution of the ear-bulb. It is stated 
by Baer that it arises soon after the appearance of the eye, in the form of a tubular 
prolongation of the brain, which is hollow, and communicates with the cavity of the 
fourth ventricle, its peripheral extremity forming a vesicular dilatation, which is 
gradually separated from the brain. Into this vesicle, which is the analogue of the 
labyrinth, there is protruded inwards a reflection of the integument, which forms 
all the accessory parts of the organ of hearing. Huschke’s account is entirely dif¬ 
ferent ; he says that the membranous labyrinth does not arise from the brain, but is 
originally a blind sac of the skin with an excretory duct; which gradually contract¬ 
ing, is at last separated from the common integument and exists as a separate sac 
beneath it. The following observations coincide partly with the description given by 
Baer; at the same time I shall venture to state some facts in connection with this 
point that have not been (as far as I am acquainted) previously noticed. In the 
embryo chick at the fiftieth hour, soon after the close of the second day, I observed 
that the medulla oblongata was not closed in above, but presented a large open 
shallow cavity, the analogue of the fourth ventricle. At the cephalic extremity it 
communicated with the optic lobes and the anterior cerebral cell by means of a small 
circular orifice. From the central part of the wall of this cavity, and exactly oppo¬ 
site to the second branchial cleft, the first rudiment of the auditory sac was visible, 
in the form of a small protruded vesicle of a somewhat flattened circular shape; this 
vesicle was hollow, clear and pellucid, and communicated with the ventricular cavity 
by a small circular orifice. This communication was most distinctly seen on exami¬ 
ning the embryo from the dorsal aspect, as shown in fig. 13, where the aperture 
leading into the protruded sac is visible on one side, bounded by its well-defined 
margin. In order to satisfy myself of the correctness of this observation, and to test 
the accuracy of Huschke’s statement, I examined numerous embryos every second 
hour, from the thirty-sixth hour to the time when the above appearances were ob¬ 
served, but in none could I detect a protrusion of the tegumentary layer in that 
situation, and, coinciding as my observations do with those of Baer as regards the 
origin of this membrane, they justify, I think, the conclusions which are above stated. 

At the fifty-sixth hour (fig. 14) the auditory vesicle occupies its usual position; it 
has become however increased in size, and has assumed a pyriform shape, so that 
now it presents a narrow contracted tubular portion, the rudiment of the auditory 
nerve, and a dilated spherical extremity, the auditory sac, or rudimentary vesti¬ 
bule. This latter portion projects into and becomes encased by the muscular and 
tegumentary layers of the embryo, forming a distinctly marked projection beneath 
the integument; the vesicle itself has become darkly granular and more opake, but 
the cavity in its interior is still distinctly seen communicating with the ventricular 
cavity, through the tubular prolongation of the vesicle (the auditory nerve); the 
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aperture of communication is however much smaller, having become more contracted, 
and this contraction apparently increases as the separation between the auditory 
vesicle and its parent cell takes place. At the sixty-fifth hour (see fig. 15) the ear- 
bulb has increased considerably in size, and a more marked separation is now seen 
to exist between the auditory nerve and the expanded vestibular sac; the latter has 
assumed an oval shape and"is now directed slightly backwards, the cavity in its in¬ 
terior still existing; but the auditory nerve has become now quite solidified, so that 
no communication exists at this period between it and the ventricular cavity. From 
the description which I have already given, a marked similarity may be observed be¬ 
tween the origin of this membrane and that of the retina and optic nerve; these parts 
arise in both cases as a protruded portion of the cerebral mass, being hollow and 
communicating with the cavity of the parent cell; in process of time a gradual sepa¬ 
ration takes place between them and the parts from which they arise; they then assume 
a pyriform shape, but still communicate with the cerebral cavity; as however the 
nerve becomes solidified and more fully formed, and the separation between them is 
more fully effected, then no communication can be traced between the two cavities. 
It is in this stage of the development of the auditory apparatus in the Bird, that a 
remarkable similarity is to be observed between it and the normal condition of the 
same part in some of the lower animals. There are in fact now formed the two 
elementary portions of this apparatus, the auditory nerve and its vesicular bulb (the 
analogue of the vestibular sac). Such is the simple condition of this organ in the 
Crustacea and in the cephalopod mollusks. 

I shall, in the next place, proceed to describe the observations I have made on the 
development of the semicircular canals, or rather of those portions of the mem¬ 
branous labyrinth which line those cavities, and which are found superadded in most. 
Birds, Fishes, and Mammalia. 

At the seventy-second hour (fig. 16) the vestibular sac has become more distinctly 
separated from the cavity from which it originated, but is connected with it by the 
auditory nerve, which is fully formed and of large size; the vesicle is still quite hollow, 
and contains a thin limpid fluid; but its oval form is lost from a distinct contraction 
of its (apparent) entire circumference, which is observed about its centre; this con¬ 
traction is seen to exist both on the outer and also on the inner wall, and is the first 
indication of the separation of the vestibule from the membranous semicircular canals, 
which are ultimately formed from the terminal portion of the vesicle. At the eighty- 
second hour (fig. 17) the contraction is observed to have become more marked, so as 
partially to subdivide the vestibular sac into two unequal portions; the lower one, that 
connected with the auditory nerve, is the future vestibule, the upper terminal one 
being developed into the semicircular canals; the cavity still exists in the interior of 
the vesicle, and the auditory nerve has increased in size. At the close of the fourth 
day (fig. 18) the terminal bulbous portion of the original vestibular sac has become 
very considerably enlarged, and of an oval elongated form; the contraction originally 
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existing and separating it from the vestibule itself has increased very considerably* 
so that now a well-marked separation is seen to exist, although both cavities com¬ 
municate with each other. A slight depression or shallow pit is now observed to 
exist at the end of the terminal vesicle, which soon becomes very distinct. This I 
believe indicates the first rudiment of one of the semicircular canals; no trace of the 
folding-in or depression of the integument in this situation could be observed. 

About the sixth day this depression is more marked, and it is apparently from the 
amalgama tion of this reflected portion and the inner wall of the vesicle with each 
other, that the membranous semicircular canals are formed. At first they appear to 
- re ta i n the same diameter throughout, but between tbe twelfth and thirteenth days 
they become somewhat contracted in parts, leaving some portions of their original 
diameter: it is these that apparently ultimately form the ampullae. At about the 
same period a cartilaginous nidus is deposited on the outer side of the membranous 
labyrinth, which is soon developed into the various parts of the osseous labyrinth: 
at tbe same time also a small quantity of calcareous matter is deposited in tbe vesti¬ 
bular sac. It is interesting to observe that tbe membranous labyrinth between the 
eighth and thirteenth days has a structure almost precisely similar to that of tbe 
retinal expansion of the same period, consisting, like it, of a distinct but very delicate 
fibrous mesh, in the spaces between which are deposited a quantity of granular matter 
and numerous nucleated cells, its exterior surface being composed of a dense mass of 
nuclei, almost precisely analogous to the “ agglomerated granules” which form so 
large a portion of the entire substance of tbe retina. From the preceding observa¬ 
tions tbe following conclusions may be drawn. 

That tbe membranous labyrinth, like the retina, is a protruded portion of tbe brain, 
being hollow and communicating with the ventricular cavity from which it arises. 
As tbe progressive development of the brain proceeds, tbe auditory sac becomes 
more elongated and of a pyriform shape, the dilated portion being analogous to the 
vestibule, the contracted tubular portion to tbe auditory nerve; this subsequently 
becomes solid, and the cavity in tbe vestibule does not then communicate with tbe 
ventricle, from the wall of which it is an offset. This representative of the normal 
condition of tbe organ in some of the lower animals now takes on a higher form of 
development, for tbe membranous semicircular canals are now added to the vestibule, 
bring formed by a contraction, and subsequently, a folding inwards and union of a 
portion of tbe walls of tbe vesicle itself; lastly, the walls of these eanals becoming in 
parts contracted, the dilated ampullee are formed. 
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Explanation of the Elates. 

PLATE VIII. 

Fig. 1. An embryo chick at the thirty-first hour of incubation. 

Fig. S. An embryo chick at the thirty-third hour. 

Fig. 8. An embryo chick at the thirty-sixth hour. The first rudiment of the eye is 
here seen to be visible in the form of a protrusion from the anterior cere¬ 
bral cell. 

Fig. 4. An embryo chick at the forty-sixth hour. The optic vesicle is seen now very 
distinct, presenting a slight contraction at its connection with the cerebral 
cell from which it arises. 

Fig. 5. The cephalic extremity of a chick at the same period more highly magnified. 

This Plate is intended to represent the cavity which exists both in the cere¬ 
bral cell and optic vesicle, and the communication between them. 

Fig. 6. The cephalic extremity of an embryo at the fifty-fifth liour viewed from the 
dorsal aspect, principally intended to represent the mode of formation of 
the crystalline lens. 

Fig. 7. The under surface of the eye of a chick at the seventieth hour. This figure 
shows the spherical form of the eyeball, its contracted tubular end, the 
optic nerve, the mode of formation of the lens, and the fissure which exists 
on the under surface of the eye. 

PLATE IX. 

Fig. 8. The cephalic extremity of an embryo chick at the sixty-second hour (lateral 
view). 

Fig. 9. In this Plate the retina is seen overlapping the margin of the lens at tbe latter 
half of the third day. 

Figs. 10 and 11. The eye of an embryo chick on the fourth day. 

Fig. 12. The eye of an embryo chick on the fifth day. 

Fig. 13. In this Plate tbe first rudiment of the ear is visible in the form of a small 
vesicular protrusion from tbe central part of the medulla oblongata (from 
an embryo chick at the fiftieth hour of incubation). 

Fig. 14. An embryo chick at the fifty-sixth hour. The ear-bulb is now seen to be of 
a pyriform shape, and communicating with the cavity from which it arises. 

Fig. 15. The cephalic extremity of an embryo chick at tbe sixty-fifth hour of incuba¬ 
tion. Tbe rudimentary vestibule and auditory nerve are now seen fully 
formed. 

Fig. 16. The ear of an embryo chick at the seventy-second hour of incubation. The 
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auditory nerve is now seen quite solid, and the vestibule presents a slight 
contraction near its centre. 

Fig. 17. An embryo chick at the eighty-second hour, viewed from the dorsal aspect. 

The cavity of the fourth ventricle is distinctly seen, and on either side the 
rudimentary ear is shown in situ ; the contraction of the wall of the vesti¬ 
bule is more marked. 

Fig. 18. The ear of an embryo chick at the ninety-sixth hour. The vestibular con¬ 
traction is more marked, and a depression is observed at the extremity of 
the terminal vesicle, which subsequently forms one of the semicircular 
canals. 


8 Wilton Street , 
October 14 th, 1849 . 
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IX. On the means adopted in the British Colonial Magnetic Observatories for deter¬ 
mining the Absolute Values, Secular Change , and Annual Variation of the Mag¬ 
netic Force . By Lieut.-Colonel Edward Sabine, R.A., For. Sec. R.S. 


Received February 6 ,—Read April 25, 1850. 

So many of the magnetic observatories which professed to adopt and pursue the 
system of observation recommended by the Royal Society have confined themselves, 
apparently even in what they have attempted, to investigations into the diurnal 
fluctuations of the magnetic elements, and into what have been called magnetic 
disturbances , that it may not be inappropriate to recall to recollection the far more 
extensive system of observation which it was the purpose of the Royal Society to in¬ 
stitute. 

The diurnal variations and the magnetic disturbances form, it is true, a portion, 
and an important portion, of the objects contemplated ; but they can only be regarded 
as the effects of minor forces, superimposed upon the far more powerful and im¬ 
portant agency of the terrestrial magnetism itself, and from which they are pro¬ 
bably distinct both in their nature and in their origin. 

In the provision of instruments and in the elaborate instructions contained in the 
Report of the Royal Society for the determination of the absolute values and secular 
changes , as well as of the periodical variations of the three magnetic elements, it was 
obviously the purpose to comprehend as the objects of investigation the whole of the 
phenomena by which the magnetic state of our planet is either permanently or tem¬ 
porarily affected; and particularly the permanent and systematic part of the pheno¬ 
mena which results from that more powerful agency to which the name of u Ter¬ 
restrial Magnetism” more strictly belongs. 

The determination of the mean numerical values of the elements of terrestrial 
magnetism in direction and force at different points of the earth’s surface, (the force 
being expressed in absolute measure, intelligible consequently to future generations 
however distant, and conveying to them a knowledge of the present magnetic state 
of the globe,) and the determination of the nature and amount of the secular changes 
which the elements are at present undergoing, are the first steps in that great induc¬ 
tive inquiry, by which it may be hoped that the inhabitants of the globe may at some 
date, perhaps not very distant, obtain a complete knowledge of the laws of the phe¬ 
nomena of terrestrial magnetism, and possibly gain an insight into the physical 
causes of one of the most remarkable forces by which our planet is afFected. 

It is true that the instruments proposed by the Royal Society, as well as the in- 
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structions for their use, were found on the experience of the first few years to be not 
fully adequate to the satisfactory attainment of all the purposes for which they had 
been designed. This was especially the case in regard to the Bifilar Magnetometer, 
the magnet of which, 15 inches long, was directed to be used, in conjunction with the 
magnet of the Declinometer (which was of similar length), for the determination of the 
horizontal component of the magnetic force. It was soon found that at a suitable 
distance from each other, necessarily regulated by their length, the magnets were 
too far apart in the experiments of deflection, to produce angles of deflection bearing 
a sufficient proportion to the unavoidable errors of observation; whence the results 
so obtained were charged with a probable error far too great for the purposes con¬ 
templated. It was also found, that, whenever the magnets of the Bifilar and Decli¬ 
nometer were thus employed, a break was unavoidably made in the series with the 
Bifilar, on the continuity of which its value as a differential instrument, and therefore 
as an instrument for determining secular changes, must necessarily in great measure 
depend. To obviate these inconveniences, and particularly the latter, “ Revised In¬ 
structions” were drawn up and circulated by the Royal Society, recommending the 
employment of an auxiliary apparatus, by which the experiments of vibration and de¬ 
flection required for the determination of the horizontal component of the Force 
might be made in a separate apartment, and therefore without disturbing the magneto¬ 
meters of the observatory, which from thenceforward would be employed solely as 
differential instruments. The magnets of the auxiliary apparatus were reduced from 
15 inches to 12 and 9 inches in length. It was found however on trial, that when these 
magnets were placed at the minimum admissible distance from each other correspond¬ 
ing to their length, their distance apart was still too great to produce angles of deflec¬ 
tion of sufficient magnitude, to lessen the probable error of the results to an amount, 
which would enable the secular change from month to month, or even from year to year, 
to be ascertained by their means within any reasonable period of observation. A few 
months’ additional experience also served to show that when the Bifilar was thus set 
free to be appropriated wholly as a differential instrument, and when the magnet was 
left perfectly undisturbed, the conclusions which might be derived from it were still 
subject to two instrumental irregularities, which did not conveniently admit of eli¬ 
mination by any known process of experiment, and which prevented the observations 
made with the Bifilar from being strictly comparable with each other for more than 
very short intervals of time. One of these sources of irregularity had been antici¬ 
pated, and it was hoped might have been surmounted; but the other had been 
apparently wholly unforeseen. The first consisted in the liability of the magnet bar 
to lose a portion of its magnetism. It was hoped if the magnet were entirely undis¬ 
turbed by removals, that after a few months it might gradually attain a state in 
which its magnetism might undergo no further change (at least while it remained 
undisturbed), and that even whilst the period of change continued, the loss might be 
of a sufficiently uniform character to admit of its being allowed for. This has however 
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been by no means found to be the case with the magnets employed in the different 
Bifilars of the Colonial Observatories, whose loss of magnetism appears to be subject 
to no general or systematic law, and even occasionally to intermit and to recommence 
without any apparent or discernible cause. To eliminate the effect of the loss, the 
magnetic moment of the bar would require therefore to be examined from time to 
time, and at short intervals; but the removal of the magnet for this purpose would 
break the connexion and thus interrupt the continuity of the series. 

The source of the other irregularity in the indications of the Bifilar, and which 
does not appear to have been anticipated, is still somewhat obscure: the effect is of 
the opposite character to that of the loss of magnetism in the magnet bar; and the 
position of equilibrium of the bar has been in more than one instance so much 
affected by it, that the bar has in a few months progressively passed out of the field 
of view of the telescope. The position of equilibrium is determined on the one side 
by the two variables, the magnetism of the earth and that of the bar; and on 
the other side by the supposed constants, the weight of the bar, the length and 
distance between the parallel suspension wires, and the angle of torsion. The weight 
of the bar cannot alter; the angle of torsion and the distance between the wires, ob¬ 
served before and after the change in the instances referred to, were ascertained to 
have undergone no alteration. A lengthening of the suspension wire has been there¬ 
fore supposed to be the cause of the irregularity in question, the effect being pre¬ 
cisely that which would be produced by an elongation of the wire; but no direct 
proof ot this has yet been obtained, because when the Bifilars were first adjusted no 
such effect was anticipated, and the exact length of the suspension wire at the period 
of the first adjustment appears to have been in no case measured*. 

The Bifilar being thus found to be affected by two sources of instrumental irregu¬ 
larity opposite in character, neither of which admitted of being satisfactorily elimi¬ 
nated, the comparability of the differential results obtained with that instrument, 
constructed according to the specifications in the Instructions of the Royal Society, 
could only be relied on for short intervals, and they would consequently admit of 
no certain inference being drawn from them in respect to secular changes. 

The observations made during the first years of the Colonial Observatories having 
thus failed in accomplishing a very important, if not the most important, part of the 
objects contemplated, I requested Captain Riddell, who was at that time my assist¬ 
ant in the superintendence of the British Colonial Magnetic Observatories, to make 

* The Toronto Bifilar was adjusted on the 25 th February 1843, with the intention that it should remain un¬ 
disturbed. Between this date and the 11th of October of the same year the reading of the scale had altered 
470 scale divisions, equivalent (approximately) to *044 parts of the force. At Hobarton the Bifilar was ad¬ 
justed, with the intention of its being left undisturbed, on the 16th of July, 1843. On the 1st of March, 
1846, the scale reading had altered 78 scale divisions, equivalent (approximately) to *017 parts of the force. 
The alterations in both cases are in the opposite direction to what would be occasioned by a loss of force in 
the magnet bar, and must be regarded as the excess of one instrumental irregularity over a second, the real 
value of either being unknown. 
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such modifications in the Portable Magnetometer originally devised by Professor 
Wilhelm Weber*, the magnets of which were only from 3 to 4 inches in length, as 
would be likely to remedy several practical defects which experience had pointed out 
in that instrument; and to draw up such instructions for its use as might make it, 
when thus modified, an efficient instrument for effecting those purposes, originally 
prescribed by the Royal Society, which had hitherto failed of accomplishment; viz. 
the determination of the absolute values, secular changes, and annual variations of 
the horizontal component of the magnetic force. The modifications thus introduced 
and the methods of observation recommended, are contained in a work entitled 
“ Magnetical Instructions for the use of Portable Instruments adapted for Magnetical 
Surveys and Portable Observatories, and for the use of a set of small Instruments adapted 
for a fixed Magnetic Observatory; with Forms for the Registry of Magnetical and 
Meteorological Observations " in which work, various other forms of instruments, suited 
for particular magnetic purposes, are also described, together with the best methods 
of using them, and of determining the several constants required in calculating the 
final results. The Portable Unifilar Magnetometer, with the modifications thus in¬ 
troduced, was shown to the magneticians assembled at the meeting of the Uritish 
Association at Cambridge in 1845; and Captain Riddell’s Manual, printed by the 
authority of Government, has been extensively circulated amongst those persons who 
are engaged in magnetic researches, and has been found extremely useful, I believe, 
by those who have consulted it. A statement was made at the meeting of the British 
Association in 1845 of what had then been accomplished by the Colonial Observatories, 
and also of what still remained tube accomplished, to fulfil the objects for.which the 
institution of those establishments had been recommended jointly by the Royal So¬ 
ciety and British Association ; and the probability was shown of speedily fulfilling all 
those objects by the means which had been adopted. Upon this statement a further 
but limited continuance of the observatories was recommended to Government and 
sanctioned. I am desirous of taking the earliest opportunity in my power of laying 
before the Royal Society a statement of the success which has attended the employ¬ 
ment of the means thus referred to; because I am in hopes it may be an inducement 
to other observatories, which have either been instituted for the purpose of cooperating 
in the plan proposed by the Royal Society, or who have expressed the intention or de¬ 
sire of cooperating, to persevere in the fulfilment of all the objects originally contem¬ 
plated ; either by the adoption of the means which will be now described, or by the 
invention and employment of others which may serve the purpose as well or still 
more effectually. I shall avail myself of the observations which have been made at 
the Colonial Observatory of Toronto in Canada, under the direction of Captain 

* A description of this instrument, translated by Mrs. Sabine, partly from an original account printed by 
M. Webeb in the * Resultate des Magnetischen Vereins/ and partly from manuscript communications kindly 
furnished by M. Weber himself, was presented to the Editor of Taylor's Scientific Memoirs, and forms art. 
XVIII. in the second volume of that work. 
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Lbfroy, R.A., F,R.S., for the purpose of illustrating the objects which I have in view. 
I might also have availed myself of similar observations made at the observatory at 
Hobarton in Van Diemen Island, under the direction of Commander Kay, R.N., 
F.R.S., but for the fear of encumbering this communication with too much detail. 

The magnets employed for the monthly scries of observations on the absolute hori¬ 
zontal force at Toronto are solid cylinders of 0*3 inch diameter; the suspension 
magnet being 3 inches and the deflecting magnet 3*67 inches in length. The same 
magnets have been used throughout the series. The observations are made about the 
same period in every month, and are extended over three days, usually the 16th, 17th 
and 18th of the month. Three distances are employed, the least being 1 foot, and 
the greatest 1 foot and four-tenths from the centre of the suspended magnet. The de¬ 
flections are read on a circle of 6 inches diameter, having two verniers reading to 20". 
The deflections vary, according to the distance, from 6° to 10°. The reading telescope 
is attached to and moves with the azimuth circle; the deflecting magnet is therefore 
always perpendicular to the suspended magnet when the deflections caused by the 
latter are read off. The deflecting magnet is suspended for vibration in a stirrup with 
a mirror, in a detached wooden box, by a silk thread, of which the line of detorsion is 
brought approximately into the magnetic meridian. The time of vibration is deter¬ 
mined by the mean of 300 vibrations in very small arcs, the commencing arc being 
always the same, /. e. 50', and a correction for the arc is applied. Actual changes in 
the horizontal force of the earth occurring between the two parts of the experiment, 
i. e. between the experiments of deflection and vibration, are eliminated by a correc¬ 
tion derived from the Observatory Bifilar, which is read off concurrently with the de¬ 
flections and vibrations, and both are reduced by this means to what they would have 
been, had the horizontal force, at the time of each observation, coincided with the 
mean horizontal force shown by the Bifilar on the same day. The reduction might 
obviously have been made with equal convenience to the mean leading of the Bifilar 
in the month ; but this reduction would have involved the question of the dependence 
to be placed on the Bifilar itself for longer periods than for a few hours; and as the 
absolute determinations extend in every month over three days, I have preferred to 
keep their results independent of this reduction, except in two instances, viz. October 
and November 1848, when disturbances of unusual magnitude and continuance less¬ 
ened the force on the days of observation to a more than ordinary degree. In those 
two instances therefore the results of the absolute determinations have been reduced 
to the mean reading of* the Bifilar in the respective months , instead of its reading on 
the respective days of observation. 

Differences of temperature occurring in the experiments of deflection and vibration 
have been eliminated by a temperature correction applied to the deflecting magnet, 
in which the coefficient has been very carefully determined by the usual process 
directed in the Revised Instructions of the Royal Society. 

The constant, depending upon the value of the moment of inertia of the deflecting 
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magnet when suspended for vibration, has been carefully determined by repeated expe¬ 
riments made at Toronto with inertia rings of different weights and dimensions; and 
for greater security these experiments will be repeated with other rings at Woolwich 
when the series is closed. The intercomparison of the partial results with all the 
rings will give to the determination of the value of this constant a probable error, 
which, converted into terms of the intensity of the force, will enter as one of the con¬ 
stituents into the probable error of the value of the force at Toronto corresponding 
to the mean period of observation derived from the complete series. 

There is also another constant which enters into the absolute value, which has yet 
to be determined for the Toronto deflecting magnet, namely, that which enables us 
to eliminate the variation induced by the magnetism of the earth in the magnetic 
moment of a bar, in the different positions in which it is employed in the experiments 
of deflection and vibration. An apparatus for the determination of this constant has 
been constructed at Woolwich, where the necessary experiments will be made at the 
close of the series; here also a comparison of different trials will give the probable 
error of the determination of this constant, which will thus enter into and be made a 
part of the probable error which shall ultimately be assigned to the final mean deter¬ 
mination of the absolute horizontal force at Toronto. 

For the purposes to be considered in this paper, however, it is not necessary that the 
values of the constants, representing the moment of inertia and the variation of the 
induction moment, should be precisely known : the mutual relation of the results ob¬ 
tained in different months would manifestly be the same, although the whole series 
might be affected by some slight inaccuracy in one or more of the constants employed 
in the calculation. It is not necessary therefore to wait until the constants above 
described have been determined with ultimate precision, in order to discuss the pro¬ 
bable error of a single monthly determination by the absolute method, and the value 
of a series of monthly determinations of this nature in investigating the secular 
change and the annual variation of the force. These will be the same, although the 
absolute value of the force when finally determined might prove to be one thousandth 
part greater for example, or one thousandth part less, than we may at present 
assume it to be. 

I subjoin therefore the following series of the results of the monthly observations 
at Toronto, from January 1845 to April 1849, as relatively correct; and as exhibiting 
the values of the horizontal force on the days of the respective months on which the 
observations were made, with an accuracy which, as respects observation error strictly 
so called, must be greater than that which would be inferred from the probable error 
of a single monthly determination obtained in the usual manner; because the pro¬ 
bable error so obtained will include, besides observation error properly so called, the 
effects of regular or irregular variations which may have affected the force itself on 
the particular days of observation. 
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Table I. 



1845. 

1846. 

1847. 

1848. 

1849. 

January . 

3*5377 

3*5378 

3*5337 

3*5222 

3*5213 

February. 

3*5376 

3*5313 

3*5320 

3*5255 

3*5210 

March. 

3*5375 

3*5341 

3*5284 

3*5270 

3*5240 

April . 

3*5351 

3*5323 

3*5249 

3-5261 

3-5260 

May . 

3*5388 

3*5317 

3*5283 

3*5286 


Juue . 

3*5421 

3*5367 

3*5302 

3*5274 


Julv. 

3*5413 

3*5365 

3*5287 

3*5305 


August . 

3*5383 

3*5313 

3*5335 

3*5279 


September. 

3*5373 

3*5303 

3*5257 

3*5239 


October . 

3*5363 

3*5290 

3*5251 

3*5223 


November . 

3*5360 

3*5278 

3*5266 

3*5184 


December . 

3*5379 

3*5334 

3*5237 

3*5214 



Regarding each monthly determination as entitled to equal weight, and taking the 
arithmetical mean of all the observed values as the most probable mean value, we 
find the mean value to be 3*53043 with a probable error of 4: 00055 ; and the pro¬ 
bable error of a single monthly determination +*0040. 

This is on the most simple hypothesis, in which neither secular change nor annual 
variation is supposed to exist. If we call X the arithmetical mean as above derived, 
and Xi, X' a , X' 3 ... X' S2 the several observed monthly results, we shall have the several 
errors remaining over, X;~X, X*—X, X 62 —X, as follows :— 


Table II. 



1845. 

1846. 

1847. 

1848. 

1849. 

January . 

+ *0073 
+ •0072 
+ •0071 

+ •0047 
+ *0084 
+ *0117 
•0109 
+ •0079 
+ •0069 
+ •0059 
+ •0056 
+ •0075 

+ •0074 
+ *0009 
+ *0037 
+ •0019 
+ •0013 
+ •0063 
+ *0061 
+ •0009 
— •0001 

+ •0033 
+ *0016 
— •0020 

-•0082 

-*0091 

February. 

-•0049 

—•0034 

-*0094 

March. 

-•0064 

April . 

— •0055 

-•0043 

—0044 

May .. 

—•0021 

-•0018 

June .. 

—•0002 

-•0030 


July. 

— •001/ 

+ •0001 


August . 

+ •0031 

— •0025 


September . 

— •0047 

-*0065 


October .. 

— •0014 

-•0053 

—•0081 

1 

November . 

—•0026 

— •0038 

—*0120 


December . 

+ •0030 

+ •0067 

-•0090 





The prevalence of 4- signs in the earlier portion of the period, and of — signs in 
the later portion, points obviously to the existence of secular change, viz. to a de¬ 
crease of the horizontal force in successive years during the period of observation. 
For the purpose of obtaining the mean annual value of this decrease, we may derive 
an equation from each of the monthly determinations of the form X'=X+ 0 y, in which 
X is the most probable value of the horizontal force in the middle period of the series, 
*. e. on the 1st of March, 1847, X' the observed horizontal force in any other month, 
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a the interval in months between the date of X' and March the 1st, 1847, and y the 
monthly variation occasioned by secular change. We have fifty-two such equations 
furnished by the series, which, treated by the method of least squares, give 
X=s3*53043, and y=—*000347 the monthly secular change, the latter number being 
equivalent to an annual decrease of *0042 in the horizontal force during the period 
comprehended by the observations. For the purpose of obtaining the errors remain¬ 
ing over on this hypothesis of secular change, we must apply to each of the results in 
Table I. a correction, equivalent to the effect of secular change in the interval elapsed 
between the dates of the particular observation and the mean epoch of the 1st of 
March, 1847; and having done so, we now find, on the hypothesis of the existence of 
a uniform secular decrease of the horizontal force annually of *0042, 3*53043 as the 
value of the horizontal force on the 1st of March, 1847, with a probable error of 
+*00025 ; whilst the probable error of a single monthly determination is reduced to 
+*0018 instead of +’0040 as before; and as the weights of different hypotheses are 
measured by the inverse squares of the probable errors, the hypothesis which supposes 
a secular decrease of force amounting to *0042 annually is more probable than the 
hypothesis which supposes no secular change, in the proportion of 4*7 (nearly) to 1. 

Having thus obtained the value of the horizontal component of the magnetic force 
corresponding to the 1st of March, 1847, and the mean value of the secular change of 
this element during the period of the observations, we require, for the purpose of de¬ 
riving the values of the total magnetic force and its secular change, at the same epoch, 
to know the magnetic inclination corresponding to the epoch, aud the secular change 
of that element also. For the first we have to seek the mean result of the observations 
of inclination, which were also made monthly during the same fifty-two months. In 
the three first years, 1845 to 1847 inclusive, the observations of inclination were made 
on every Tuesday and Friday, three hours before noon on the Tuesdays, and three 
hours afternoon on the Fridays; thus furnishing eight or nine partial determinations 
in each month according to the number of Tuesdays and Fridays contained in it; 
each determination being complete in respect to the several positions of the circle and 
needle required for that purpose. In 1848 and 1849 the same number, or occasion¬ 
ally a greater number, of partial determinations was made monthly; but instead of 
the Tuesdays and Fridays, the days of observation were the same as those on which 
the horizontal force was observed. The circle employed, from January 1845 to 
March 1846 inclusive, was one of Gambey’s well-known 9-inch circles, and from 
April 1846 to April 1849 one of Robinson’s, of the same dimension and of the same 
pattern. In Gambey’s circle two needles were used, one from January 1845 to De¬ 
cember of the same year, and the second from January 1846 to March of the same 
year; in Robinson’s circle also two needles were used, one from April 1846 to August 
1847, when an accident befell it, and a second from September 1847 to April 1849. 
The needles used in Gambey’s and Robinson’s circles were made by those artists re¬ 
spectively, and both circles and needles were probably as perfect of their kind as any 
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that have ever been made. The intercomparability of the results might possibly have 
been more perfect if one and the same instrument had been used throughout (an im¬ 
portant consideration in respect to the secular change); but, on the other hand, the 
probable accuracy of the general result as regards the mean inclination must be 
viewed as in some degree strengthened by the employment of different instruments. 
The following Table exhibits the fifty-two monthly results:— 


Table III. 



1845. 

1846. 

1847. 

1848. 

1849. 

January .. 

75 18-4 

75 13-8 

75 15*0 

75 20*3 

75 19-5 

February . 

19*5 

14*2 

15*2 

18*7 

18*1 

March. 

14-5 

13*8 

16-2 

17*2 

16*7 

April . 

11*5 

14*3 

15*9 

18*0 

18*4 

May . 

15*4 

14*4 

16*1 

17*2 


June . 

15-0 

14*8 

13*1 

16*8 


July . 

14-5 

14*0 | 

11*3 

16*4 


August . 

14-6 

14*4 

12*6 

19*0 


September . 

16-6 

15*7 

12*5 

17*3 


October. 

14*3 

15*4 

17*6 

19*0 


November . 

16-8 

15*0 

17*7 

19*4 


December . 

15*2 

15*0 

17*0 

20*6 



On the hypothesis of the terrestrial magnetic inclination having been constant 
during the period of observation (i. e. constant in respect to secular change and an¬ 
nual variation, and subject only to irregular and diurnal fluctuations), we obtain from 
the results in the Table a mean inclination of 75° 16'*09, with a probable error of 
+<)'*20, and ;tl'*4G as the probable error of a single monthly determination. These 
probable errors include of course the effects of irregular fluctuation as well as those 
of observation error properly so called, besides the possible influence of secular change 
and annual variation ; the two latter being excluded by the hypothesis. 

The errors remaining over on this hypothesis are shown in the following Table:— 


Table IV. 



1845. 

1846. 

1847. 

1848. 

1849. 

January . 

+ 2*3 

-2*3 

/ 

-1*1 

+ 4*2 

+ 3*4 

February . 

+ 3*4 

-1‘9 

— 0*9 

+ 2-6 


March . 

— 1*6 

-2*3 

+ 0*1 

+ M 


April . 

-4*6 

-1*8 

— 0*2 

4-1*9 

+ 2*3 

May . 

— 0*7 

-1*7 

0*0 

+1*1 


June . 

1*1 

—1*3 

-3*0 

+ 0*7 


July . 

1*6 

-2*1 

-4*8 

+ 0*3 


August . 

1*5 

-1*7 

— 3*5 

4*2*9 


September. 

October’. 

+ 0*5 


— 0*6 

+ 1*2 


1*8 

B3 

+ 1*5 

4-2*9 


November . 

4*0*7 

—i*i 

+ 1*6 

+ 3*3 


December . 

—0*9 

~i*i 

+ 0*9 

+ 4*5 



The prevalence of — signs in the earlier months, and of + signs in the later 
mocccl. 2 e 
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months, indicates distinctly the existence of secular change. Pursuing therefore the 
same method of obtaining its mean value during the period of observation as was 
adopted in the case of the horizontal force, we obtain from the fifty-two conditional 
equations y=+0'*074J as the monthly value of the secular change, equivalent to a 
mean annual increase of the inclination during the period of observation of (y*89; and 
75° 1 6'*09 as the mean inclination on the 1st of March, 1847, with a probable error 
reduced to + 0 '* 17 , the probable error of a single monthly determination being 
il'*23; whence we may infer that the hypothesis of a secular increase in the in¬ 
clination of O '* 89 annually during the period of observation is more probable than the 
hypothesis of no secular change, in the proportion of 1*4 to 1. 

Total Force; its mean value and secular change .— Having thus derived from the 
series of fifty-two months of observation the mean value of the horizontal force 
=3*53043, and of the inclination 75° 16 f *09, each for the epoch of the 1st of March, 
1847, we have for the value of the total force in absolute measure at the same epoch 
3*53043 X sec. 75° 16'*09= 13*8832. With reference to the inclination element of the 
result, we might safely regard this value as a final determination; but we cannot 
quite do as much in respect to the element of the horizontal force, as it may yet have 
to receive the corrections already noticed (though they are likely to be extremely 
small), when the values of the constants of inertia and induction shall be finally 
ascertained on the return of the instruments to Woolwich. When these constants 
and their probable errors are known, the probable error of the finally corrected value 
of the total force will also be assignable. 

The elements from which we have to infer the secular change of the total force are 
the secular changes of the horizontal force and of the inclination derived from the 
observations; these are an annual decrease of *0042 in absolute measure of the hori¬ 
zontal force, and an annual increase of 0'*89 of inclination. A secular change of the 
horizontal force may be produced, either by a secular change of the inclination affect¬ 
ing the horizontal component of the total force according to the known principles 
of the resolution of forces, or by a secular change in the total force itself; or, 
finally, it may be the joint production of both. An increase of the inclination causes 
a decrease of horizontal force, and vice versd ; so far therefore we may regard the 
annual decrease of the horizontal force at Toronto as attributable in part at least to 
the annual increase of the inclination. But an annual increase of 0'*89 in the latter 
element is equivalent to an annual decrease in the horizontal component of the force 
of not more than *0035. There remains, therefore, an excess of *0007 in the secular 
decrease ot the horizontal force, which is unaccounted for by the secular change of 
the inclination, and is indicative of the existence of a small annual decrease in the 
total force during the period of observation. The uncompensated portion of the 
horizontal force on which this inference is founded is indeed small in absolute 
amount, but its magnitude must be judged of in relation to the probable errors 
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of the determinations of secular change of the inclination and horizontal force. 
Viewed in this light, the probabilities are in favour of the existence of a small annual 
decrease in the total force, as the legitimate conclusion from the portion of the series 
of absolute determinations in progress at Toronto which has been received in this 
country, and is here discussed : whilst it is obvious that the groundwork is laid of a 
positive conclusion, admitting of no uncertainty, attainable by steady perseverance 
in the prolongation of the series; avoiding as far as possible, upon all occasions, all 
changes in the instruments employed or in the methods of observation. It will be 
shown in the sequel that certainty in respect to the question, whether the total 
force at Toronto is at the present epoch increasing or decreasing, tnay have a very 
considerable theoretical importance. 

Annual Variation .—We may now proceed to a consideration of the inferences 
which the observations will afford in regard to annual variation; but in entering on 
this investigation, we must remember, in the first place, that fifty-two months consti¬ 
tute but a short period from which to derive an annual variation; and in the second 
place, that we are as yet unable to eliminate the effects of the irt'egular disturbances 
from the residual errors, which consequently remain charged with them to the last ; 
and that if these effects are not themselves the sole cause of an annual variation, by 
reason of their greater frequency or magnitude at certain seasons of the year than at 
others, we must be prepared to expect that they will embarrass the research, by 
rendering the effects of other causes less apparently systematic than they would 
otherwise have been found. In the horizontal force particularly we may have reason 
to apprehend the influence of disturbances, because that element is greatly affected 
by them at Toronto, and their average effect appears to be to depress the force at the 
periods of their occurrence below its mean value. 

We have shown in the preceding pages the fifty-two monthly results of the obser¬ 
vations of the inclination and horizontal force, and their arithmetical means consti¬ 
tuting the mean values of those elements on the 1st of March, 184/ ; we have also 
derived from the observations the most probable values of the secular change of the 
elements during the period of observation. When each of the fifty-two results has 
received a correction for secular change proportioned to the interval of time elapsed 
between the date to which it refers and the 1st of March, 1847> and the differences 
are taken between the fifty-two results thus corrected and the arithmetical means, 
we obtain a suite of residual quantities, by which the influence of annual variation, 
if it exists, might be expected to be indicated. The following Table exhibits the mean 
difference in each month of the observed results, (when corrected as above noticed for 
secular change,) from the arithmetical means. 


2 e 2 
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* Table V. 



Residual quantities. j 

Inclination. 

Horiiontal force. 

January, mean of 5 years. 

February, mean of 6 years ... J 

March, mean of 5 years . ¥ . 

April, mean of 5 years. 

May, mean of 4 years . 

June, mean of 4 years ... 

July, mean of 4 years . 

August, mean of 4 years . 

September, mean of 4 years. 

October, mean of 4 years. 

November, mean of 4 years. 

December, mean of 4 years. 

+ 1*40 
+ 1*06 
-0*44 
. -0*58 

-0*38 
-103 
— 1*93 
—0*90 
+ 0-13 
+0*35 
+0-97 
+ 0-60 

-*0004 
—0010 
•0000 
-•0010 
+•0000 
+ •0008 
+*0033 
+•0000 
-•0009 
-•0017 
-•0003 
-•0000 


When due allowance has been made for the shortness of the period of observation, 
and for the influence of disturbing action, we find in this tabular view a much more 
conclusive indication of the existence of annual variation than we might perhaps have 
been prepared to expect. The inclination is obviously highest in the winter months 
and lowest in the summer months, passing through its mean value about the period 
of the equinoxes. The horizontal force has a corresponding variation, but with 
opposite signs. -The occasional irregularities are more marked in the horizontal 
force than in the inclination, and in both they prevail chiefly in the months of spring 
and autumn. It must remain for a separate discussion, to deduce from the great mass 
of facts which have now been collected at Toronto, the numerical conclusions which 
they will afford in regard to the frequency and magnitude of the disturbances in the 
different months of the year; but antecedently to the certain conclusions to be drawn 
from such numerical values, it is not an improbable supposition, that the months of 
spring and autumn (and notably those of autumn) may prove to be generally the 
most disturbed months, and consequently those of the greatest depression of the 
horizontal force resulting from the disturbances. The irregularities may be expected 
to diminish as the series is extended; but if they are, in part at least, occasioned by 
actual irregularities in the force itself produced by the disturbances, they may have 
a character of permanency in certain months which no continuation of the series 
would remove, if it should prove that the disturbances prevail more in some months 
than in others, and if their action has on the average a special tendency. 

In commenting on the fortnightly means of the Bifilar observations at Toronto in 
1842*, (in which year the Bifilar observations were suitable for the investigation, 
inasmuch as the scale-reading returned nearly to the same division at the close, as 
that at which it had stood at the commencement, of the year,) I called attention to 
the remarkable feature, indicated by the Bifilar readings, of an excess in the value of 
the horizontal force' in the summer months over the other months of the year; and I 
* Toronto Observations, voL i. p. xxxvii and xxxviiL 
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remarked on that occasion, that “ the excess appeared to be too large to be caused by 
any conceivable error in the determination of the temperature correction of the 
magnet, or generally of the apparatus by which it was suspended/* The average 
difference between the summer and winter months, derived from the observations of 
the Bifilar in the single year referred to, was *00161 parts of the whole horizontal 
force, or *0056 in absolute measure. 

The question of an annual variation of the horizontal force appeared to me so im¬ 
portant either to verify or disprove, that, at my request. Captain Lbfroy employed, 
during the years 1847 and 1848, a third method of experimenting, which, although it 
may not be quite so satisfactory in respect to the individual monthly results as the 
method of absolute determinations, in consequence of the magnetic moment of the 
bar not being subject to monthly examination, has yet the advantage of affording a 
third conclusion perfectly independent of the others, and but little inferior to the 
absolute method in proportion to the time of their respective continuance. One of 
the cylindrical magnets of 3*67 inches in length, which had been employed in the 
North American survey, and appeared to have attained a state of steady magnetism 
(which however did not prove so thoroughly steady as was expected), was suspended in 
the usual manner in alight stirrup, with an attached mirror and a detached telescope. 
The horizontal force of the earth was measured at stated hours, twice in every day, 
at 10 a.m. and 5 p.m., by the times of vibration of the bar derived from four hundred 
vibrations observed in the usual manner, and reduced to a standard temperature and 
to infinitely small arcs. The magnetic moment of the bar was carefully examined 
before the commencement and after the conclusion of the series, viz. on the 31st of 
December, 1846, and on the 3rd of January, 1849, and also intermediately on January 
5th, 1848. The magnetic moment at these periods was as follows:— 

Loss of magnetism in 
nearly equal interval*. 

1846. December 31st=0'6104"l ,qjq 4 

1848. January 5th =0 , 6000J'» 

1849. January 3rd =0-5913 / 0087 

The value of the magnetic moment has been assumed on the hypothesis of uniform 
loss of magnetism in the whole period, and has been computed for every day of ob¬ 
servation. Now if we take the arithmetical mean of the absolute values of the force 
in the twenty-four months derived by this bar as the mean result corresponding to 
the 1st January 1848, and if for the purpose of eliminating secular change we com¬ 
bine the values in January 1847 and December 1848, February 1847 and November 
1848, &c., we obtain the excess or defect in the horizontal force in absolute measure 
for the mouths of winter and summer as follows-.—• 
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Table VI. 


Summer< 


fJanuary 

1847 and December 

1848 

-0043" 

J December 1847 and January 

1848 

-•0034 1 

| February 

1847 and November 

1848 

-’0039 f 

[November 

1847 and February 

1848 

-•0037. 

"May 

1847 and August 

1848 

— 0006" 

J August 

1847 and May 

1848 

+•0042 

* V 

j June 

1847 and July 

1848 

+•0084 j 

July 

184/ and June 

1848 

+•0070. 


>—•0038 


>+‘0047 


We have here a still further confirmation of the greater amount of the horizontal 
force in the summer than in the winter months; the difference between the two 
seasons is in this experiment greater than that shown by the JBifilar observations for 
1842, or than that derived from the more extended absolute series from January 1845 
to April 1849. It is quite conceivable however that, independently of errors of mea¬ 
surement, the actual numerical difference between the summer and winter months 
may be liable to vary in different years. 

By three independent methods of experiment, therefore, the general fact of an 
annual variation of the horizontal force at Toronto has been shown, the force being 
greater in the summer than in the winter months; but the question of whether this 
variation, as well as that of the inclination, is progressive from one extreme in mid¬ 
winter to the opposite extreme in midsummer, and vice versd, the regularity of the 
progression being only interrupted by the complication of irregular disturbances,—or 
whether, as in the case of the diurnal variation, the change from one half-yearly phase 
to the other takes place (subject to the same complication) about the time of the 
equinoxes,—will require a longer period for its determination than that which we 
have at present before us. Upon the latter supposition, we find, from the absolute 
series at Toronto, that the inclination is on the average 0'*88 above its mean value, 
and the horizontal force '0016 below its mean value during the five months when 
the sun is in the southern signs,—and the inclination 0'’90 below, and the hori¬ 
zontal force -0011 above, their respective mean values, when the 6un is in the north¬ 
ern signs. 

The sum of the differences of the inclination at the opposite seasons (l’*78) is equi¬ 
valent, in the resolution of the total force into its horizontal and vertical components, 
to *0070 of horizontal force. The annual variation of the horizontal force derived 
from the observations, corresponds in direction in each of the seasons to that which 
is indicated for it by the change of the incliuation, but the amount falls considerably 
short of that which would be the equivalent of the alteration in the latter element. 
Hence we must infer the probable existence of an annual variation of the total force, 
the force being greatest in the winter months, or when the sun is in the southern 
signs i and least in the summer months, or when the sun is in the northern signs. 
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Although I have been unwilling to encumber this communication with details from 
the Hobarton Observatory similar to those from Toronto, I may be permitted to 
state very briefly die results obtained at Hobarton in respect to the annual variation 
of the Inclination and Force, as they have a very considerable interest when viewed 
in connection with those obtained at Toronto. 

A series of monthly determinations of the inclination, in which no change was 
made in the instruments employed, or in the methods or {dace of observation, was 
commenced at Hobarton in June 1843, and was still continuing at the date of the 
last returns received from thence in December 1848. From this series we have sixty- 
eight consecutive monthly determinations, strictly intercomparabie, bearing on the 
question of annual variation. It will be remembered that the summer of the southern 
hemisphere is when the sun is in the southern signs, and vice versd j and that at 
Hobarton it is the south end of the needle which dips below the horizon. The in¬ 
vestigation, conducted in the same manner as at Toronto, shows at Hobarton a de¬ 
crease of south inclination of <y*89 on the average of the months from April to August 
inclusive, i. e. in the southern winter; and an increase of 0'*85 from October to 
February inclusive, i. e. in the southern summer. Thus in the months from April to 
August the North Inclination at Toronto and the South Inclination at Hobarton are 
both diminished; and from October to February inclusive they are both increased. 
The North Inclination at Toronto is lowest and the South Inclination at Hobarton 
highest, in the respective summers of the two stations, and vice versd, and in bqth 
cases the variation is nearly to the same amount. 

In the case of the horizontal force, a regular and consecutive series of monthly de¬ 
terminations, similar to that at Toronto, was commenced at Hobarton in January 
1846, and the results have been received in England to December 1848 inclusive. 
The series treated in a similar manner to that at Toronto shows an annual variation 
of the same character as respects the seasons, and almost identical in amount with 
that at Toronto. In the months from October to February inclusive (or in the 
spanner months at Hobarton), the horizontal force is *0017 greater on the average 
than its mean amount, and from April to August inclusive (or in the winter months 
at Hobarton), it is on the average *0013 less than its mean amount. 

The inferences to be drawn from these Variations of the inclination and horizontal 
force taken conjointly, as respects the total force at Hobarton, are as follows: the 
' inclination being greater from October to February than from April to August, if the 
total force remained unaltered, the horizontal force should be behw its mean amount 
in the months from October to February, whereas we find a higher amount in those 
months; therefore, so far as the observations have yet gone, the total force at 
Hobarton appears to be subject to an annual variation, being higher than its mean 
amount from October to February, and lower than its mean amount from April to 
August. 

It may assist the recollection of the facts regarding the annual variation of the two 
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magnetic elements at Toronto and Hobarton to statethat in the months from 
October to February the magnetic needle more nearly approaches the vertical direc¬ 
tion at both stations, and from April to August the horizontal direction;—and that 
the total force is greatest at both stations from October to February, and least from 
April to August. 

It is much to be desired that so remarkable a result should receive a full con¬ 
firmation, by the continuance of the observations at Toronto and at Hobarton for such 
an additional period as may appear necessary for that purpose; and that the general 
conclusion indicated by the observations at those stations should be verified by simi¬ 
lar investigations in other parts of the globe, especially at the observatories which 
now exist. The facts, as far as they go, indicate the existence of a general affection 
of the whole globe having an annual period, and would appear to conduct us natu¬ 
rally to the position of the earth in its orbit as the first step towards an explanation 
of the periodic change*. It might possibly be regarded as premature, in the present 
stage of the inquiry, to enter on the discussion of such physical hypotheses as may 
present themselves on the supposition of a causal connection of this nature; but it 
cannot be open to the same objection, to press on the consideration of those who are 
engaged in experimental researches in terrestrial magnetism, (or of others who may 
have it in their power, from station or influence, to give countenance or support to 
those who are so engaged), the importance of following up without delay, and in the 
nv>st effective manner, a branch of the research which gives so fair a promise of 
establishing a conclusion of so much theoretical moment upon the basis of competent 
experiment*!*. 

I may be permitted, in conclusion, to advert, though very briefly, to considerations 
which may give a particular importance to accurate numerical values of the magnetic 
elements and their secular changes determined at Toronto. 

That station was selected on account of its proximity to one of those remarkable 
points on the globe which have a peculiar importance in theoretical respects: viz. to 
one of the two points in the northern hemisphere which are the centres of the loops 

* The portion of the year when the magnetic force is^ greatest and the direction of the needle most vertical 
in both hemispheres, viz. from October to February, coincides with that in which the earth is nearest to the 
sun, and also moves with greatest velocity in her orbit. There is another curious annual coincidence of a 
wholly different nature, unconnected with the position of the earth in her orbit; during the months from Oc-. 
tober to February, when the magnetic force is greatest and the direction of the needle in both hemispheres 
most vertical, Mr. Dova*s recent investigations have shown that, owing to meteorological causes traceable to 
the unequal distribution of land and sea in the two hemispheres, the aggregate temperature of the whole earth 
is lower than in the opposite period of the year. 

t I am glad to be able to add, that by a letter received from Lieut. Gauss of the United States Navy, 
Director of the Astronomical Observatory established at Santiago in Chili, magnetic&i observations, similar to 
those referred to in this communication as being in progress at Toronto and Hobarton, were commenced at 
Santiago in January of the present year, with instruments which had been prepared at Woolwich at the ex- 
pense and by the request of the Government of the United States. 
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of the isodynamic lemniscates (as they have been usually called), and are the points 
of greatest intensity of the force (on the surface erf the glpbe) of apparently two 
magnetic systems, distinguished from each other by the very remarkable difference in 
the rate of secular change to which the phenomena in each system appear to be sub¬ 
ject. In the present state of the terrestrial magnetic phenomena, the principal of 
these two points, or the centre of the larger loop of the lemniscates, is situated within 
the British territories in North America; and by the magnetic survey of those terri¬ 
tories, undertaken by the British Government on the recommendation pf the Royal 
Society, and executed in 1842 and 1843 by Captain JLefroy, its geographical position 
was approximately ascertained, and the difference between the magnetic force at this 
central point and at the Toronto Observatory was very carefully measured, and is 
recorded in the Philosophical Transactions (Part III. for 1846). In this point of view 
therefore the accurate determination of the Force at the observatory at Toronto bu s a 
peculiar value, both for the present and for after times. It will, 1 think, be clear to 
those who have followed the details of this communication, that by the skill, assiduity 
and perseverance of the Director of the Toronto Observatory and his assistants, (non¬ 
commissioned officers of the Royal Artillery,) this object has been accomplished within 
very small limits of uncertainty as dependent on observation or accidental error; and 
that when the small corrections which have been noticed, as requiring to be in¬ 
vestigated on the return of the instruments to England at the close of the series, 
have been ascertained and applied, the value of the total force in absolute measure at 
Toronto, and by its means the value at the central point, will be assigned with a 
degree of accuracy which we may believe will be regarded as satisfactory, not only at 
the present day, but at those distant periods, when the determination may be referred 
to as presenting the earliest record of the value of the terrestrial magnetic force at 
its point of maximum in the northern hemisphere. 

The determination of this value at this particular time may derive an additional 
importance from the present relative situation of the two magnetic centres* which 
are not yet far removed from their greatest distance apart, viz. 180° in geographical 
longitude; a state of the phenomena constituting possibly an epoch iu the cycle of 
secular change, characterized by that portion of the force at each centre which is 
derived from mutual influence being a minimum. The analogy of the southern hemi¬ 
sphere, where the two centres are nearer to each other in respect to geographical 
longitude than in the northern hemisphere, and where the force at each is higher 
than at the corresponding northern centre, may justify this supposition. The geo¬ 
graphical longitude of the principal northern maximum was ascertained by Captain 
Lefbov, in the years 1842 and 1843, to be about 270 ° East; that of the minor maxi- 

* It will of course be understood that by the employment of the word « centres ” it is not intended to am- 
vey that the points of maximum are themselves centres of the magnetic force of the systems to which they may 
relatively belong. The expression is merely used to designate central points of certain phenomena observed 
on the earth’s surface, where tdone it is in our power to observe them. 
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mom, in the same hemisphere, was determined a few years earlier (1828 and 1829), 
by the expedition of MM. Hansteen, Erman and Due ; and we may gather the result 
frbm the following passage in M. Erman’s * Raise urn die Erde,’ which 1 quote from 
Mr. Cooley's translation, vol. ii. p. 365:—“ The magnetical results of the last jour¬ 
ney were now examined more narrowly, and it was clear that we had in fact crossed 
the meridian of the Siberian magnetic pole between Irkutsk and Yakutsk. The mag¬ 
netic attraction of the earth was decidedly greater between Kirensk and Beresovoi 
Ostrov than at any other point which we had visited in the same parallel of latitude 
to the east or west. The pole sought for had there exhibited its greatest force, and 
extended its influence furthest to the south; and consequently we must have been 
there on the same meridian with it. This probably took place at Parshinsk in 
longitude 111° 27' E.*.” Omitting the consideration of the small amount of secular 
change which may have taken place between the expedition of MM. Hansteen, 
Erman and Due and that of Captain Lefroy, we have here, an interval of ( 270 ° 
—111°=)159° as the approximate difference of longitude (on the side of Behring’s 
Straits and the adjacent continents) between the two northern centres. This differ¬ 
ence is diminishing by the effect of secular change, and the epoch, when the centres 
were 180° apart, must therefore have taken place a few years antecedently to either 
of the determinations above referred to; probably about the close of the last century, 
when, as we learn by Professor Loomis’s discussion of the observations of magnetic 
inclination in the northern parts of the United States')-, the inclination which had 
previously diminished in that quarter began to increase. 

The change in the geographical position of both the points of maximum in the 
northern hemisphere has been from west to east since the earliest period at which 
inferences of this nature could be drawn from the phenomena; the diminution of the 
meridional distance between them on the one side, and its increase on the other, being 
occasioned by the more rapid movement of translation of the minor maximum. It 
has been conjectured that the motion of the principal maximum might cease to be 
progressive in the easterly direction when the two centres or maxima should be 180° 

* It is obvious that M. Erman uses the term " magnetic pole ” to designate the central point of a loop of 
the isodynamic lemniscates, or the point of greatest intensity of the force. This also is the sense in which it is 
employed by M. Kuppfbr, when he says “ il y a un pole magndtique dans la Sibdric." The term ** pole” cannot 
however be understood to have the same signification in those writings which assert a supposed connection 
between “ two magnetic poleB ” and “ two poles of cold ” in the northern hemisphere; for, in North America 
at least, the point of maximum intensity of the force is certainly very far distant from that of the lowest annual 
temperature: the “ magnetic poles ” in this case may possibly be intended to refer to the centres of the loops of 
the isoclinal instead of those of the isodynamic (so-called) lemniscates. But either of these significations differs 
materially from M. Gauss’s definition of a magnetic pole, i. e. " where the horizontal terrestrial force is zero." 
I have subjoined this note in illustration of some remarks which I ventured to make in a former communication 
0,1 'to mC0BVenienCe em P lo yn>ent of a term which appears to be used in different meanings by different 

t In Silllman’s Journal. 
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of geographical longitude apart, and that it might thenceforward be retrograde. 
The observatory at Toronto seems well situated for deciding this question. If the 
progression of the secular change of both systems continues to be the same aftdr 
that epoch is past as it was before, the force at Toronto might be expected to 
sustain on the whole an annual decrease , as it would be more diminished by the 
recession of the neighbouring greater maximum, than increased by the approach of 
the far more distant minor maximum. If, on the other hand, the movement of the 
principal maximum should be retrograde, the force at Toronto might be expected to 
undergo a considerable annual increase . By the observations which have been dis¬ 
cussed in this paper, it has been shown that the probabilities are considerably in 
favour of the existence of a small annual decrease of force at the present time: and 
as time alone is wanting to convert this probability into certainty, it would seem 
particularly desirable that the series of monthly observations of the horizontal force 
and of the inclination at Toronto should be continued, until the direction and ap¬ 
proximate value of the secular change of the total force shall be thoroughly de¬ 
termined. 


2 P 2 
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X. Observations on the Freezing of the Albumen of Eggs. By Jambs Paget, Esq., 
Professor of Anatomy and Surgery to the Royal College of Surgeons of England. 
Communicated by Thomas Bell, Sec. R.S. 

Received September 26, 1849,—Read January 24th, 1850. 

In 177 7> John Hunter communicated to the Royal Society a series of experiments 
on the heat of animals and vegetables, among which were some showing that an egg, 
after having been frozen and thawed, will, on a second exposure to cold, freeze more 
quickly than it did before, and more quickly than a fresh egg does when exposed to 
the same temperature. From these and other experiments, he concluded “ that a 
fresh egg has the power of resisting heat, cold and putrefaction in a degree equal to 
many of the more imperfect animalsand he adds, “ it is more than probable this 
power arises from the same principle [i. e. a living principle] in both*” Mr. Hun¬ 
ter's pupils generally adopted this conclusion: and the facts on which it was based 
have formed a chief part of the evidence for the existence of a special vital principle 
capable of resisting, by a kind of passive opposition, the changes that physical forces 
produce in dead organic matter. 

In the course of some inquiries into the nature of the life of the blood, I repeated 
and extended Mr. Hunter’s experiments, and obtained results which, I venture to 
hope, may be deemed worthy of the consideration of the Society. 

My experiments consisted chiefly in submitting to temperatures near to zero of 
Fahrenheit, fowls’ eggs, into which thermometers with slender bulbs were intro¬ 
duced. The decrements of heat were registered every minute, and the time was 
noted at which each egg began to freeze, the general indication of that event being 
the swelling of the albumen, and its protrusion from the aperture through which the 
thermometer was passed. 

I found, as Mr. Hunter did, that a fresh egg generally resists freezing longer than 
one does which, having been previously frozen and thawed, is exposed, in all similar 
circumstances, to the same temperature. The result of twenty experiments, in which 
such eggs were placed in temperatures ranging from zero to 10°Fahr., was, that the 
fresh eggs were frozen, on an average, in 26 minutes, and the eggs that had been pre¬ 
viously frozen and thawed, were frozen for the second or third time in 15 J minutes. 

I next determined, by similar experiments, the respective times of freezing of fresh 
eggs, and of such as were variously changed in structure and chemical composition. 
Similar results appeared. If the yelks of the eggs were broken, so as to be mingled 
* Huktss'b Works, by Palms*, vol. iv. p, 150. 
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with the albumen; if their whole substance were decomposed, so as to emit a more or 
less putrid odour; if a powerful electric shock bad been passed through them,—in 
all these conditions, they froze more quickly than fresh and uninjured eggs did, that 
were exposed with them to the same low temperature. The average difference in 
the respective times of freezing was nearly the same as that already stated. 

All these experiments tended to confirm Mr. Hunter’s explanation; for all seemed 
to show that, by the influence of such forces as commonly destroy animal life, eggs 
lose some capacity of resisting 1 the abstraction of heat. But when I examined 
the registers of the decrements of heat sustained by the several eggs during each 
minute of their exposure to the cold, it appeared that the fresh eggs almost always 
lost heat more rapidly than those did which had been frozen, broken, decomposed, or 
electrified. An average result of experiments upon thirty-three eggs of each class 
was, that, between the fifth and fifteenth minutes after first exposure to a temperature 
of from 5° Fahr. to 10° Fahr., the fresh eggs lost 17° of heat, and the others only 13J°. 
The reason why the fresh eggs, though they lost beat more rapidly than the others, 
yet were longer in freezing, was, that in most cases their temperature was reduced 
some degrees below 32° before freezing took place; while the eggs that had been 
frozen before, or that were in any other way spoiled, always began to freeze as soon 
as they reached the temperature of 32°. 

Mr. Hunter had remarked this difference. In one of his experiments, be says, 
“ a fresh egg sank to 29J°, and in twenty-five minutes later than the dead one, it 
rose to 32°, and began to swell and freeze.” But I found that fresh eggs could be 
reduced to a much lower temperature without freezing. In several experiments they 
fell to 20°; in some to 16°, before, with a rapid rise to 32°, freezing took place; and 
from some observations, which will be hereafter mentioned, I believe that, under 
favourable circumstances*, the temperature of a fresh and unbroken egg may be 
reduced to within 5° of zero of Fahrenheit without freezing, although its proper 
freezing-point, and that to which its temperature rises when it begins to freeze, is 
32° or between 31° and 32°-f\ 

It thus appeared that a fresh egg does not resist freezing as a living animal does, 
which either parts with its heat slowly, or else produces heat, compensating in some 
measure for that which is lost. It is as much the peculiarity of the fresh egg to lose 
its heat more quickly than another does, as it is to be longer in freezing; and, indeed, 
this quicker loss of heat seems essentially connected with the ability to be reduced 
far below 32° without freezing; for, among thirty-two fresh eggs, there were eleven 
which began to freeze at 32°, and all these had lost heat slowly; the average decree 
ment between the fifth and fifteenth minutes of their exposure to cold being only 13f°, 

* The chief of these circumstances ere, that the egg sboold be unmoved, and that it* albumen should be 
not even so much disturbed as it is by the introduction of the thermometer. 

t With so slender thermometers as I was obliged to use, it was not possible to determine within half a 
degree the precise freezing-point. 
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Many things observed in the coarse of these experiments seemed to indicate that 
the freezing of the fresh egg was retarded by some peculiarity of its mechanical con¬ 
struction, which was destroyed by the several means supposed to destroy its life. It 
was, therefore, desirable to ascertain whether the capability of being reduced far 
below 32° without freezing, and the consequent apparent resistance to freezing, 
could be destroyed by any means that would not at the same time prevent the egg 
from manifesting, by development in incubation, the surest evidences of vitality. In 
experiments to determine this point, I found that one might, with a bent probe, 
gently detach the whole of the albumen of an egg from its connection with the 
membrane of the shell, and that after this the chick would be deveioptd, although, 
perhaps, not to perfection. But when eggs with the albumen thus disturbed were 
exposed to cold, they did not descend below 32° without freezing; they lost heat less 
quickly, but froze sooner, than uninjured eggs did, when exposed with them to the 
same temperature; they froze like the eggs which Mr. Hunter considered dead. 

Again, cracking the shell of an egg does not prevent the development of the young 
bird, although, in consequence of the excessive evaporation through the fissures, the 
development may be imperfect. But when eggs with their shells cracked in many 
places, and with slight injuries of the membrane of the shell, were exposed to cold, 
they lost heat and froze just as those did which might be reputed dead. Thus, then, 
mechanical injuries, such as could not have affected the chemical composition of the 
fresh egg, and such as did not prevent its development in incubation, were found 
sufficient to deprive it of its power of resisting freezing; and thus its power of resist¬ 
ance appeared to be due, not to any vital principle, but to some peculiarity of me¬ 
chanical construction. 

It may be very difficult to prove what this peculiarity of construction is. That it 
is a property of the albumen was proved by some experiments, in which albumen, 
gently removed from fresh eggs, exhibited the same mode of freezing as the entire 
fresh eggs did: and the following facts, as well as those already mentioned, are 
favourable to the opinion, that the property which enables fresh albumen to descend 
far below 32° without freezing, is its peculiar tenacity or viscidity, by means of 
which the water combined with it is held so steadily, that the agitation favourable, 
or even necessary, to the freezing at or near 32° cannot take place. 

1. The decay and putrefaction of an egg, the freezing and again thawing of one, 
and (as egg-preservers well know) the stirring and frequent concussion all tend to 
diminish the viscidity of the albumen to such a degree, that, instead of forming a 
consistent substance, the greater part of it will flow like a thin liquid from an aper¬ 
ture in the egg-shell. 

2. The albumen of eggs does not freeze like a dense solution of albumen, or df 
saline substances, in water, but like water of which the ordinary freezing is pre¬ 
vented. The freezing-points of aqueous solutions are, according to their densities, 
more or lees below 32°; and if, in exposure to intense cold, the temperature of any 
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such solution be reduced below its freezing-point, it will, at the instant of freezing, 
rise to that point, whatever it may be, and not to 32°. Thus, I placed in a freezing- 
mixtnre of which the average temperature was 10° Fahr., solutions of common salt in 
the proportions of 3, 5, 6 and 9 parts to 100 of distilled water s they fell to from one 
to six degrees below their several freezing-points, and then, in the act of freezing, rose 
respectively to 28°, 25°, 24£°, and 23°. At these temperatures they remained till they 
were thoroughly frozen, and then they all descended to the temperature of the medium 
in which they were placed. The same is observable in the freezing of serum and 
blood, which, in their relations to heat, may be regarded as mere solutions of albu¬ 
men and saline matters: they freeze at from 29° to 31°, and retain these temperatures 
till they are thoroughly frozen. I found the same also in the freezing of milk and of 
thick mucilage of gum; the former froze at 30°, the latter at 28°, but neither of them 
in freezing rose to 32°. Unlike all these substances, the albumen of fresh eggs, how¬ 
ever far below its freezing-point it may have descended, always in freezing rises to 
32°; it freezes therefore like water, or like a very weak saline solution, which, by 
some mechanical disposition of its particles, is prevented from freezing as soon as it 
is reduced to 32°, or a few degrees lower. 

3. The sudden strong agitation of fresh albumen, when its temperature is reduced 
several degrees below 32°, will often cause it to freeze at once*, as water under the 
same circumstances freezes. 

4. It is well known, that when once a portion of any given quantity of water is 
frozen, the portion in contact with the ice cannot be reduced below 32° without 
freezing. I thought, therefore, that if I could bring ice just formed into contact with 
the albumen of an egg, the water in the albumen would freeze as soon as it fell to 32°, 
and so it proved; for in three experiments, in which the air-cavities of fresh eggs 
were filled with water before exposing them to cold, the albumen did not descend 
below 32°, but froze at that temperature. 

Whether the explanation here offered of the peculiar property of the albumen of 
fresh eggs be right or not, the property will, I think, merit consideration in reference 
to both the nature and the purpose of the substance to which it belongs. 

For, in regard to the nature of this form of albumen, its mode of freezing proves it 
to be essentially different both from all solutions of albumen and from organic tissues 
holding albuminous matter in suspension. As I have already stated, the freezing- 

* la the coone of the experiment*, I observed that the effect of agitation, on either albumen or a saline solu¬ 
tion, when its temperature is reduced below its freezing-point, depends in some measure on the temperature of 
the medium in which it is placed. Thus a saline solution, whose freezing-point was 28°, might be reduced to 
36° in a medium of 24°, and, on being now agitated, it would not freeze; but a similar solution, reduced to 25° 
in a medium of 10°, would freeze at the instant of agitation. In a medium of which the temperature averaged 
21°, no length of exposure and no agitation would, in one of my experiments, make albumen freeze, though it 
fell to the temperature of the medium; but in others, when albnmen. in a medium averaging 10°, fell to 28°, it 
froze a* soon a* it was agitated. 
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points of albuminous solutions are lower than 32° in direct proportion to tbeir den¬ 
sities ; they do not, in freezing, rise to 32°, but freeze in all respects like saline solu¬ 
tions. And the same mode of freezing may be observed in organic tissues in which 
albuminous, fluids are suspended or infiltrated. An eye, or its vitreous humour, a 
piece of muscle, gland, or brain, exposed to intense cold, loses temperature to 32° or 
3l£°, and remains at this, its freezing-point, till it is frozen bard throughout, and 
then descends to the temperature of the medium in which it is placed. 

The purpose or utility of this peculiar property of the albumen of eggs is manifest 
in the defence which it provides for eggs exposed to a temperature below 32°. If an 
egg be frozen, the damage sustained by its structure is such that the germ cannot be 
fully developed; but mere cold, however intense, if freezing does not take place, does 
not prevent the complete development of the young bird. I placed three eggs in a 
freezing mixture, varying from zero to 5° Fahr. : one of them froze, and its shell 
was cracked from end to end; another froze, and when it thawed, its yelk was burst 
and mixed with the albumen. In incubation, two spots of blood were developed in 
the former, and an enlargement of the cicatricula ensued in the latter of these.two 
eggs,—sufficient indications that the intense cold and freezing had not killed them, 
though it had spoiled their structure. But in the third egg, which had been ex¬ 
posed for nearly an hour to a temperature below 5° Fahr., perfect development 
took place in incubation. Even this degree of cold therefore had neither killed nor 
frozen the egg, though, according to the average rate at which eggs part with heat, 
its whole substance must have been for half an hour at a temperature between 5° 
and 10° Fahr. 

This security of eggs from the injurious influence of cold has also been proved, on 
a large scale, by the ingenious inventor of the hydro-incubator, Mr. Cantelo. He 
has told me, that, to test the truth of the popular belief that eggs are always de¬ 
stroyed by exposure to a frosty air, he sometimes exposed baskets of eggs, through 
the whole of a Canadian winter’s night, to a temperature ranging, he believes, between 
5° and 10° Fahr. Some of them were cracked, and these he threw away; they were 
doubtless frozen and spoiled; but the rest were placed in his incubator, and the usual 
proportion were hatched. 

The need of such a provision against the influence of cold must exist in the case 
of many, or perhaps of all, birds that breed in cold climates; for accident must occa¬ 
sionally drive from their nests even those parent-birds that have not, like the common 
fowl, the custom of leaving tbeir eggs for a certain time exposed to the open air. 

In conclusion, I may repeat that the experiments I have related show that it is not 
by the. power of a vital principle that eggs resist the influence of cold. They show 
that certain things will destroy the power of resisting cold without affecting the ca¬ 
pability of being developed, and of therein manifesting the best evidence of life; and 
that when eggs yield to the influence of intense cold, they are not damaged unless 

MDCCCl.. 2 0 
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they are frozen, and are not killed even when frozen. The experiments thus remove 
almost the only remaining support of the hypothesis that such a vital principle may 
exist in organized bodies, as may enable them, even while inactive and displaying no 
other signs of life, to resist passively the influence of physical forces. 
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XL Researches on. the Tides.—Fourteenth Series. 

On the Results of continued Tide Observations at several places on the British Coasts. 

By the Rev. W. Whewell, D.D., F.R.S. 

Received October 24, 1849,—Read January 31, 1850. 

XlDE observations made at several different parts of the British and the neighbour¬ 
ing shores, and in some instances continued for a considerable period, have been 
discussed by Mr. D. Ross of the Hydrographer’s Office, with great labour and per¬ 
severance ; and as the results which his labours afford may be of use to mariners, I 
offer to the Royal Society a brief statement of these results. 

The discussions at present referred to relate to the height of high water, and the 
variations which this height undergoes in proceeding from springs to neaps and from 
neaps to springs. It is found, by examining the observations at 120 places and throw¬ 
ing the heights into curves, that the curve is very nearly of the same form at all these 
places. Hence the semimensual series of heights at any place affords a rule for the 
series of heights at all other places where the difference of spring height and neap 
height is the same. For instance, Portsmouth, where the difference of spring height 
and neap height is 2 feet 8 inches, is a rule for Cork, 

Waterford, Inverness, Bantry, Boucout on the 
French coast, and other places. 

And the Tables of the height of high water at 
one of these places suffice for all the others, a con¬ 
stant being of course added or subtracted according 
to the position of the zero-point from which the 9 
heights at each place are measured. 

The series of heights of high water for a semi¬ 
lunation also agrees very exactly, as to the form of 
the curve, with the equilibrium theory. The follow¬ 
ing construction gives this curve. 

With centre C and radius CA (half the difference 
of the height at spring and neaps), describe a circle; 
and in AC produced take CD to CA as 12 to 5. 

Divide the circumference of the circle into twelve 
hours, representing the twelve hours of moon's 
transit; and join D with each of these divisions. 

The lines thus drawn to the hours will give the 
heights of high water for each hour of the moon's 

2 g 2 
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transit; a constant quantity being, as before stated, added or subtracted in order to 
refer the height to the proper zero. 

According to the theory, the 0 b or 12 k hour-points would be at A * the ratio of DC 
to AC would be that of the lunar to the solar tide; and the distances of the hour- 
points from D would be the heights of high water above mean water. But all these 
properties are, in the actual cases, modified in a manner which must be noticed. 

The tides in these discussions are not referred to the transit of the moon immediately 
preceding, but to some earlier transit, namely, the second, third, fourth or fifth pre¬ 
ceding transit; it being found that in this way the accordance with the theory be¬ 
comes more exact. Thus in the British Channel the tides are referred to the third 
preceding transit; and this extends also to Ireland and to the west coast of England 
and Scotland. On the east coast of England, in the northern parts, as at Shields, 
Sunderland, Scarborough and Hull, the fourth preceding transit is used; at Harwich, 
Sheerness and London, th e fifth (see Table B). But this reference to an earlier transit 
does not make the highest tide correspond exactly with the hour of transit 0 h or I2 h : 
and it is found, in the cases which have been included in the present examination, 
that a displacement of the O* 1 point about fifteen minutes from A will best make the 
theoretical and the observed curves agree with each other. 

The ratio of DC to AC is, as has been said, 12 to 5 ; and this, according to the 
theory, would be the ratio of the lunar to the solar tide. If this were the case, the 
spring tide measured above mean water would be 1/, and the total spring tide above 
spring tide low water would be 34. The neap tide in this case would be 7 above 
mean water, and therefore 24 above spring tide low water. Hence the difference of 
springs and neaps would be to the height of neaps above low water springs as 10 to 
24, a ratio constant for all places. 

But in fact, this ratio of the excess of springs to the total height of neaps above 
low water springs is different at different places: and the observations now under 
consideration show in some measure the law of this difference. The ratio is smaller 
when the tide is smaller. This appears from the observations at different places, as 
arranged by Mr. Ross in the annexed Table A. We have there the following results, 
taking the means of groups of places according to the amount of tide. 


Number of 
places. 

Mean neap 
tide above 
spring low 
• water. 

Mean 
excess of 
spring high 
water above 
neap. 

Ratio. 

37 

ft. in. 

9 3 

ft. in. 

2 5 

38:10 

40 

12 0 

8 8 

33: 10 

39 

17 10 

5 9 

31 s 10 

4 

27 0 

9 8 

28 :10 


Where it appears that the actual ratio approaches to the theoretical ratio in propor¬ 
tion as the amount of tide increases. 

If the ratio just spokeu of were constant, we should be able to find the height of 
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mean water by knowing the excess of springs above neaps: the excess being 10, the 
mean water would be 7 below the neap high water. But it appears that in general 
the mean water is lower than this: and the excess of springs being 10, the mean 
water is from 14 to 19 below neap high water at various points on the coast of Great 
Britain and France. 

In consequence of the law of the high waters, given alike by the theory and by the 
observations, the spring high waters are above the mean high water for a longer 
period than the neaps are below it. For it is evident that if DE and DF be each 
equal to DC, the heights are greater than the mean DC through the arc EAF, which 
is greater than a semicircle. And it is evident that the excess of AE above a qua- 

drant will be an arc of which the sine is or or 12° nearly. Hence the two 

portions of the semicircle will be, in time, 3 h 24 m and 2 h 38 m ; and the tides will be 
above the mean during 6 h 48 m of lunar transit, and below the mean during 5 b 12®; 
and this is found to be very nearly the case at all the places examined; thus con¬ 
firming the identity of the rule of different places one with another, and with the 
construction given above. 
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Additional Note on the Tides of the Bristol Channel. 

Mr. Ross has traced the modification which the semimensual inequality of heights 
undergoes in ascending the Bristol Channel from Pembroke to Bristol. This modi¬ 
fication is shown in the accompanying figure. It appears from the diagram which 


01 98466 7 6 0 10 11 11 



Mr. Ross has drawn from the observations, that the difference of springs and neaps 
increases gradually from Pembroke to Llanelly, Weston, Cardiff, and finally Bristol, 
the difference being 5 ft. 6 in. at the first place, and 10ft. 6in. at the last; and the 
curve which represents the change from day to day being at all the places of the 
same form, namely, of the form described in the preceding paper. 

W. W. 

Trinity College , Cambridge, 

Nov. 3, 1849. 

Table A.—Results of Tide Observations arranged according to the amount of 
excess of Springs above Neaps. 

Table B.—Places along the same coasts arranged in the order of their “ Establish¬ 
ment.” 
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Table A. 


Number of 
observa. 
tions from 
which 
carves were 
formed. 


* Establish¬ 
ment” of 
the port. 

Mean 
spring rise 
ibove mean 
low water 
spring. 

Mean 
neap rise 
ibove mean 
low water 
spring. 

Excess of 
ipring over 
neap. 




h m 

ft. 

in. 

ft. 

in. 

ft. in. 


128 

Ardrishaig . 

12 0 

9 

2 

8 

7 

0 7 


704 

Lowestoft.. 

9 57 

6 

6 

5 

4 

1 2 


“673 

Belfast... 

10 43 

9 

5 

8 

1 

1 4 1 

Hurd preceding transit. 

375 

Greenock. 

12 8 

9 

9 

8 

2 

l 7 1 

rhird preceding transit. 

107 

Ayr Harbour . 

12 10 

8 

9 

7 

2 

1 7 


418 

Harwich .. 

0 6 

11 

6 

9 

9 

1 9 I 

nfth preceding transit 

595 

Donaghadee . 

11 13 

11 

3 

9 

5 

1 10 


218 

Lrookhaven. 

4 9 

9 

10 

8 

0 

1 10 


190 

Baltimore. 

4 23 

10 

2 

8 

3 

1 11 


144 

Courtmacsherry . 

4 36 

10 

8 

8 

7 

2 1 


233 

Skull . 

4 2 

9 

8 

7 

7 

2 1 


1,059 

Kingstown . 

11 10 

11 

0 

8 

10 

2 2 r 

rhird preceding transit. 

209 

Castletown . 

4 14 

9 

10 

• 7 

7 

2 3 


351 

Peterhead . 

0 34 

10 

9 

8 

6 

2 3 


130 

Bantry Harbour. 

3 47 

10 

2 

7 

8 

2 6 


90 

4 reach on, France . 

4 37 

11 

8 

9 

2 

2 6 


77 

Boucout, France. 

3 39 

8 

8 

6 

1 

2 7 


123 

Dunmore. 

5 27 

12 

3 

9 

8 

2 7 


4,230 

Portsmouth. 

11 41 

12 

8 

10 

0 

2 8 

Third preceding transit 

373 

Cork. 

5 1 

11 

9 

9 

1 

2 8 , 

Third preceding transit 

51 

Castletownsend . 

4 21 

10 

9 

a 

1 

2 8 ' 


299 

W aterford . 

6 6 

13 

5 

10 

9 

2 8 


193 

Inverness. 

12 18 

12 

2 

9 

6 

2 8 


171 

K insale ... 

4 43 

11 

7 

8 

9 

2 10 


522 

SI'go . 

6 0 

8 

8 

i 5 

9 

2 11 

Third preceding transit 

377 

Sheephaven. 

5 25 

11 

11 

i 9 

0 

i 2 ii 


1,383 

Ramsgate. 

11 41 

15 

6 

| 12 

7 

1 2 11 


124 

Bordeaux, France . 

1 6 50 

14 

1 

i 11 

2 

! 2 11 


4,233 

Sheerness. 

0 37 

16 

1 

1 13 

l 

| 3 0 

Fifth preceding transit. 

105 

Loch Inver . 

6 41 

13 

11 

; hi 

11 

3 0 


69 

East Looe . 

5 26 

16 

2 

13 

2 

3 0 


446 

Inishbofin . 

5 5 

12 

10 

9 

9 

3 1 


76 

Omonville, France . 

7 29 

15 

6 

12 

5 

3 1 


692 

Westport.. 

4 57 

12 

8 

9 

6 

3 2 


92 

Peel, Isle of Man. 

11 8 

16 

3 

13 

1 

3 2 


103 

Caernarvon . 

9 33 

13 

9 

10 

7 

3 2 


156 

Port Navallo, France . 

3 42 

12 

11 

9 

9 

3 2 


183 

Tobermorey. 

5 36 

12 

10 

9 

7 

3 3 


79 

Ramsay, Isle of Man . 

11 12 

19 

3 

16 

0 

3 3 


125 

Royan, France. 

3 38 

13 

3 

10 

0 

3 3 


86 

St. Surin, France . 

4 11 

14 

3 

11 

0 

3 3 


277 

Roundstone. 

4 28 

13 

6 

10 

2 

3 4 


* 117 

Goodick Pier .. 

6 56 

11 

7 

8 

3 

3 4 


937 

Dundee . 

2 32 

14 

7 

11 

3 

3 4 


125 

Patiras, France . 

5 10 

15 

6 

12 

2 

3 4 


13,400 

London . 

1 59 

19 

6 

16 

1 

3 5 

Fifth preceding transit 

705 

Sunderland . 

3 22 

14 

5 

11 

0 

3 5 

Fourth preceding transit. 

541 

Holyhead. 

10 11 

16 

0 

12 

7 

3 5 

Third preceding transit. 

236 

Foynes Island, Shannon. 

5 35 

15 

5 

12 

0 

3 5 


356 

Scarborough .. 

4 11 

15 

10 

12 

5 

3 5 

Fourth preceding transit. 

821 

Hartlepool . 

3 28 

15 

0 

11 

7 

3 5 

Fourth preceding transit 

688 

Gran ton Pier ... 

2 20 

16 

0 

12 

7 

3 5 



North Shields . 

3 30 

13 

8 

10 

3 

3 5 

Fourth preceding transit. 

148 

Socoa, FVanee. 

3 19 

12 

3 

8 

10 

3 5 


159 

Dunkirk, France. 

12 8 

16 

10 

13 

5 

3 5 


2»820 

Devonport . 

5 43 

15 

5 

11 

11 

3 6 

Fourth preceding transit. 

2,823 

Leith .. 

2 17 

16 

4 

12 

9 

3 7 

Fourth preceding transit.. 

299 

BarBeur, France ... 

8 51 

17 

0 

13 

5 

3 7 


155 

Concerneau, France . 

3 12 

13 

1 

9 

*6 

3 7 


154 

Port Louis, France. 

3 11 

13 

1 

9 

5 

3 8 
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Table A. (Continued.) 


Number of 
observe* 
tioos from 
which 
curve* were 
formed. 


104 
437 
134 
107 
66 
684 
164 
147 
121 
125 j 
1,207 I 

153 
194 
259 

134 

2,116 I 

170 , 
174 

154 
157 | 
115 
703 1 
118 
258 j 
156 
129 i 
153 
223 
213 , 
138 
132 
513 

62 

13,400 

135 
74 


Weston-super-Mare 
Eorehou . 





ft. in. 
13 10 
13 3 

21 1 

18 5 

13 5 

14 10 

14 3 

19 6 

14 2 

13 8 
19 2 
16 10 

14 6 
16 11 
22 1 
18 8 
16 11 

15 2 
17 6 

18 3 

19 11 

20 10 

17 4 

20 8 
15 11 
21 11 
21 6 


Excess of 
spring over 



Third preceding transit. 


Third preceding transit. 


Third preceding transit. 


Fourth preceding transit 


Third preceding transit 
Third preceding transit 


Third preceding transit 


Third preceding transit 
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Table B. 


Establish¬ 

ment. 


Establish¬ 

ment. 


Establish. 


From the Land'* End to 
Ramsgate. 

East Looe. 

Devonport (4th transit ?) 
Portsmouth (3rd transit) 

Dover (3). 

Ramsgate. 


From the Land'* End up 
St, George'* Channel 
round the North of 
Scotland to London. 

St. Ives. 

Ilfracombe . 

Weston-super-Mare (3) 

Portia head .. 

Pembroke (3) . 

Goodick Pier . 

Aberystwyth. 

Pwllheli . 

Caernarvon . 

Holyhead .. 

Beaumaris.. 

Liverpool (3) . 

Fleetwood. 

Tarn Point . 

Poulton-le-Sands. 

Peel, Isle of Man. 

Douglas, Isle of Man .. 
Ramsay, Isle of Man .. 

Whitehaven. 

Ayr . 

Greenock (3) . 

Thurso (3) . 

Inverness . 

Peterhead. 

Dundee. 

Granton (4)... 

Leith. 

North Shields (4) . 


h m 


5 26 
5 43 
11 41 
11 12 
11 41 


Sunderland (4)... 
Hartlepool......... 

Scarborough (4) 

Hull (4) . 

[Great Grimsby ... 

Lowestoft . 

Harwich (5). 

Sheerness (5) ... 
London (5) . 


10 11 
10 32 
11 16 
11 12 
11 22 
11 26 
11 8 
11 12 
11 12 

11 14 

12 10 
12 8 

8 27 
12 18 
0 34 
2 32 
2 20 

2 17 

3 30 


From Bantry Bay up 
St. Georges Channel 
round the North of Ire - 
land to the Shannon. 

Bantry Harbour . 

Castletown (Berehaven) 

Skull. 

Crookhaven . 

Baltimore . 

[Castletownsend. 

Courtmacsherry . 

Kinsale ... 

Cork (3) . 

jjDunmore . 

Waterford. 

Kingstown (3) . 

Donaghadee . 

Belfast (3). 

Sheephaven . 

Sligo (3) . 

Westport . 

Inishbofin .. 

Roundstone . 

Galway (3) ... 

I Tarbert, Shannon. 

j Foynes Island, Shannon 
Beagh Castle, Shannon... 

Mallon, Shannon . 

Limerick, Shannon ... 


h m 
3 22 
3 28 


11 

29 

36 
67 

6 

37 


1 69 


3 47 

4 14 


4 

4 

4 

4 

4 

4 

5 

5 

6 
11 
11 


10 43 

5 25 


From Arcachon in the 
Ba^ of Biscay to Bun - 

Arcachon . 

Bordeaux . 

St. Surin . 

Royan . 

Cordouan . 

lie d’Aix . 

lie d’Yeu . 

Noirmoutier Island ...... 

St. Nazaire. 

Belleisle.j 

Port Louis. 

[Concarneau .] 

Brest (3) . 

Ushant . 

Morlaix Roads . 

Brehat . 

Erqui. 

St. Malo . 

Granville . 

Chausey. 

[Jersey . 

Ecrehou. 

Alderney . 

Cherbourg. 

Barfleur. 

La Hougue .. 

Honfleur . 

Havre . 

Fecamp. 

Dieppe . 

Cayeux . 

Boulogne . 

Cape Grisnez..... 

Calais. 

Dunkirk... 


h m 


4 37 
6 60 
4 11 
3 38 
3 27 
3 20 
3 6 
3 2 
3 40 
3 18 
3 11 
3 12 
3 47 

3 32 

4 
6 

5 

6 
6 
6 
6 
6 
6 
7 


63 
61 
69 
5 

13 
9 
16 
32 
46 
49 
8 51 

8 42 

9 29 
9 51 

10 44 

11 6 

11 5 

11 25 
11 27 

11 49 

12 8 


For the placeB not otherwise marked in these Tables, the tides were referred to the 
transit immediately preceding, as giving sufficient exactness for general maritime 
purposes: but observations received at the Admiralty since the above laws were 
discovered, have been referred to the third, fourth, or fifth preceding transit, accord¬ 
ing to their place in Table B. v 

The Devonport tides discussed some years ago, apart from those of neighbouring 
places, appeared to give the greatest exactness with the fourth preceding transit, 
which has accordingly been used in the Admiralty Tables. There can be no doubt 
at present that the third preceding transit is more correct for this port; but the 
labour of recalculating new Tables would be great, and the difference of the result 
would never be more than one minute in the time and one inch in the height. 
mdcccl. 2 H 
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XII. Experiments and Observations upon the Properties of Light . 

By Lord Brougham, F.R.S., 

Member of the National Institute , and of the Royal Academy of Naples. 


Received November 6, 1849,—Read January 10, 1850, 


THE optical inquiries of which I am about to give an account, were conducted at 
this place in the months of November and December 1848, and continued in autumn 
1849 at Brougham, where the sun proved of course much less favourable than in Pro¬ 
vence: they were further prosecuted in October. I had thus an opportunity of care¬ 
fully reconsidering the conclusions at which I had originally arrived; of subjecting 
them first to analytical investigation, and afterwards to repetition and variation of 
the experiments; and of conferring with my brethren of the Royal Society and of 
the National Institute. The climate of Provence is singularly adapted to such studies. 
I find, by my journal of 1848, that during forty-six days which I spent in those expe¬ 
riments, from 8 a.m. to 3 p.m., I scarcely ever was interrupted by a cloud, although 
it was November and December*. I have since had the great benefit of a most ex¬ 
cellent set of instruments made by M. Soleil of Paris, whose great ingenuity and 
profound knowledge of optical subjects can only be exceeded by his admirable work¬ 
manship. I ought however to observe, that although his beliostate is of great con¬ 
venience in some experiments, it yet is subject (as all heliostates must be) to the 
imperfection of losing light by reflexion, and consequently I have generally been 
obliged to encounter the inconvenience of the motion of the sun’s image, especially 
when I had to work with small pencils of light. This inconvenience is materially 
lessened by using horizontal prisms and plates. 

Although I have made mention of the apparatus of great delicacy which I em¬ 
ployed, it must be observed that this is only required for experiments of a kind to 
depend upon nice measurements. All the principles which I have to state as the 
result of my experiments in this paper, can be made with the most simple apparatus, 
and without any difficulty or expense, as will presently appear. 

It is perhaps unnecessary to make an apology for the form of definitions and pro¬ 
positions into which ray statement is thrown. This is adopted for the purpose of 
making the narrative shorter and more distinct, and of subjecting my doctrines to a 
fuller scrutiny. I must further premise that I purposely avoid all arguments and 

* Of seventy-eight days of winter in 1849, I had here only five of cloudy weather. Of sixty-one days of 
summer at Brougham, I had but three or four of clear weather; one of these fortunately happened whilst Sir 
D. BaawsTsa was with me, and he saw the more important experiments. 

2 H 2 
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suggestions upon the two rival theories—the Newtonian or Atomic, and the Undula- 
tory. The conclusions at which I have arrived are wholly independent, as it shears 
to me, of that controversy. I cautiously avoid giving any opinion upon it; and 
Instead of belonging to the sect of undulationists or anti-undnlationists, l incline to 
agree, with my learned and eminent colleague M. Biot, who considers himself as a 
“ Rieniste,” and neither “ ondulationiste *’ nor “ anti-ondulationiste.” 

Chateau Eleanar-Louue (Provence)*, 

1st November 1849. 


Definitions. 

1. Flexion is the bending of the rays of light out of their coarse in passing near 
bodies. This has been sometimes termed diffraction, but flexion is the better word. 

2. Flexion is of two kinds— inflexion , or the bending towards the body; deflexion, 
or the bending from the body. 

3. Flexibility, deflexibility, inflexibility, express the disposition of the homogeneous 
or colour-making rays to be bent, deflected, inflected by bodies near which they pass. 

Although there is always presumed to be a flexion and a separation of the most 
flexible rays from the least flexible (the red from tbe violet for example) when they 
pass by bodies, yet the compound rays are not so presumed to be decomposed when 
reflected by bodies. This is probably owing to the successive inflexions and de¬ 
flexions before and after reflexion, correcting each other and making the whole beam 
continue parallel and undecomposed instead of becoming divergent and being de¬ 
composed. 

Proposition I. 

Hie flexion of any pencil or beam, whether of white or of homogeneous light, is in 
some constant proportion to tbe breadth of the coloured fringes formed by tbe rays 
after passing by the bending body. Those fringes are not three, but a very great 
number, continually decreasing as they recede from the bending body, in deflexion, 
where only one body is acting; and they are real images of the luminous body by 
whose light they are formed. 

Exp. 1. If an edge be placed in a beam or in a pencil of white light, fringes are 
formed outside the shadow of the edge and parallel to it, by deflexion. They are 
seen distinctly to be coloured, the red being furthest from tbe shadow, the violet 
nearest, the green in the middle between tbe red and the violet. The belt way to 
observe this is to receive the light on an instrument composed of two vertical and 

two horizontal plates, each moving by a screw so as to increase or lessen the distance 

% 

* In experiments at this place, in winter, I found one great advantage, namely, the more horisontal direction 
ci the rays. In summer they are so nearly vertical, that a mirror most be need to obtain* long beam or pencil. 
Which ii often required in these experiments, and so the lot* of light countervails the greater strength of the 
summer sun's light. 






uf©K rm mtmmm or light. 


m 

, between the opposite edge*, a, a' are (Hate X. fig. 1) the vertical, b, V the horizontal 
edges, #,/ are the terera; and these may be fitted with micrometers, so as to measure 
very minute distances of the edges by graduated scales BB', B' C. For the purpose of 
the present proposition the aperture only needs be considered, of about a quarter of an 
inch square. The fight passing through this aperture is received on a chart placed 
first one foot, and then several feet from the instrument. The fringes are increased 
in breadth by inclining the chart till it is horizontal, or nearly so, when the fringes 
parallel to b, V are to be examined, and holding it inclined laterally when the fringes 
parallel to a, o' are to be examined. It is also convenient to let the white fight be¬ 
yond the fringes pass through; and for this purpose, a", W being the figure of the in¬ 
strument (fig. 2), and the light received on the chart, a hole may be made in its centre 
opq, through which the greater portion of the white light may be suffered to pass. 
The fringes are plainly seen to run parallel to the edges forming them; as op. parallel 
to if and p q parallel to a". The reddish is furthest from the shadow, the bluish 
nearest that shadow; also the fringe nearest the shadow is the broadest, the rest de¬ 
crease as they recede from the shadow into the white light of the disc. Sometimes 
it is convenient to receive the fringes on a ground glass plate, and to place the eye 
behind it. They are thus rendered more perceptible. 

When the edges are placed in homogeneous light, they are all of the colour which 
passes by any edge; and two diversities are here to be noted carefully. First, the 
fringes made by the red light are broader than those made by any of the other rays, 
and the violet are the narrowest, the intermediate fringes being of intermediate 
breadths. Second, the fringes made by the red are furthest from the direct rays, the 
violet nearest those rays, the intermediate at intermediate distances. This is plainly 
shown in the following experiment. 

Exp. 2. In fig. 3, C represents the image of the aperture when the rays of the 
prismatic spectrum are made to pass through it. But instead of making the fringes 
by a single edge deflecting, and so casting them in the spectrum, I approach the 
opposite edges, so that both acting together on the light, the fringes are seen in the 
shadow and surrounding the spectrum. These fringes are no longer parallel to the 
shadows of the edges as they were in the white light, but incline towards the most 
refrangible and least flexible rays, and away from the least refrangible and most 
flexible. Thus the red part r of the fringes is nearest the shadow of the edge o'; the 
orange, o, next; then yellow, y ; green, g ; blue, b ; indigo, i; and violet, v. Moreover, 
the fringe rv is both inclined in this manner, so that its axis is inefined, and also its 
breadth increases gradually from v to r. This is a complete refutation of the notion 
entertained by some that Sir I. Newton’s experiment of measuring the breadths in 
different coloured lights and finding the red broadest, the violet narrowest, explains 
the odours of the fringes made in white light as if these were only owing to the dif¬ 
ferent breadths of the fringes formed by the different rays. The present experiment 
dearly proves, that not only the fringes are broadest in the least refrangible rays, but 
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those rays are bent most out of their coarse, because both the axis of tbe fringes is 
iuclined, and also their breadths are various. 

Exp. S. Though called by Grimaldi, tbe discoverer, the three fringes, as well as 
by Newton and others who followed him, they are seen to be almost innumerable, if 
viewed through a prism to refract away the scattered light that obscures them. I 
stated this fact many years ago*. 

Exp. 4. That the fringes are images may be at once perceived, not when formed 
in the light disc as in some of the foregoing experiments, but when formed in 
the shadow. Thus when tbe opposite edges are moved so near one another as to 
form fringes bordering the luminous body’s image, they are formed like the disc they 
surround. When you view a candle through the interval of tbe opposite edges, you 
perceive that the fringes are images of its flame, with tbe wick, and that they move 
as the flame moves to and fro. When you observe the half-moon in like manner, you 
perceive that the side of the fringes answering to the rectilinear side of the moon, are 
rectilinear, and the other side circular; and when the full moon is thus viewed, the 
fringes on both sides are circular. The circular disc of the moon is, indeed, drawn 
or elongated as well as coloured. It is, that is to say, the fringe or image is exactly 
a spectrum by flexion. Like the prismatic spectrum, it is oblong, not circular, and 
it is coloured; only that its colours are much less vivid than those of the prismatic 
spectrum. 

Proposition II. 

The rays of light, when inflected by bodies near which they pass, are thrown into a 
condition or state which disposes them to be on one of their sides more easily de¬ 
flected than they were before the first flexion; and disposes them on the other side 
to be less easily deflected: and when deflected by bodies, they are thrown into a 
condition or state which disposes them on one side to be more easily inflected, and 
on the other side to be less easily inflected than they were before the first flexion. 

Let RA (fig. 4) be a ray of light whose opposite sides are R A, R'A', and let A be 
a bending edge near which the ray passes, the side R'A' acquires by A’s inflexion, 
a disposition to be more easily deflected by another body placed between A and the 
chart C, and the side RA acquires a disposition to be less easily’deflected than 
before its first flexion; and in like manner R' A' acquires a disposition to be more 
easily inflected, and R A a disposition to be less easily inflected by a body placed be¬ 
tween A and C. 

Exp. 1. Place A' (fig. 5) in any position between A and t>r, the image made on C 
by A s influence, as at A' or A", or close to A at A'". If it is placed on the same aide 
of the ray with A, no difference whatever can be perceived to be made on tbe breadth 
of r v, or on its distance v R' from the direct ray R R'. In like manner the image by 
deflexion rV is not affected at all, either in its breadth, or in its removal from RR' 
by any object, a, o', placed on the same side with A of the deflected ray A*/. 

* Philosophical Transactions. 1797, Part U. 
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But (fig. 6) place B anywhere between A and or on the side of the ray opposite to 
A, and the breadth of re is increased, and also its distance from the direct ray E R', 
as eV; and in like manner (fig. 7) the deflected rays A v, A rare both more separated, 
making a broader image at r"v", and are further removed from RE' by B’s inflexion. 

Exp. 2. If yon bend the rays either by a single edge, or by the joint action of two 
edges, it makes not the least difference either in the breadth or in the distance from 
the direct rays of the images, or in the distension or elongation of the luminous body’s 
disc, whether the bending body is a perfectly sharp edge (which in regard to the rays 
of light is a surface, though a narrow one), or is a plane (that is, a broader surface), 
or is a curve surface of a very small, or of a very large radius of curvature. 

In fig. 8, a e is an instrument composed of four pieces of different forms, but all in 
a perfectly straight line; ab is an extremely sharp edge; be a flat surface; cd a 
cylindrical or circular surface of a great radius of curvature; d e one of a small radius 
of curvature. But all these pieces are so placed that E 8 y is a tangent to e d, do, 
and is a continuation of y /3 K, that is, of cb,b a. So the light passing by the whole 
abode, passes by one straight line EK, uniting or joining the four surfaces. It is 
found that the image or fringe II', made by abode (or Eiy/3 K), is of the same 
breadth and in the same position throughout its whole length. So if directly opposite 
to this edge another straight edge is placed, and acts together with abode on the light 
passing, the breadth of the fringe I is increased, and its distance is increased from 
the direct rays, but it has the exact same breadth from 1 to I'; its portion I' q answer¬ 
ing to a b, q P answering to b c, P O answering to c d, and OI answering t o de, are of 
the same breadth, provided care be taken that the second edge is exactly parallel to 
the edge EK. And this experiment may be made with the second edge behind 
abode, as in Exp. 1 of this proposition; also it may be usefully varied by having the 
second edge composed of four surfaces like the first, only it becomes the more 
necessary to see that this compound edge is accurately made and kept quite parallel 
to the first, any deviation, however minute, greatly affecting the result. When care is 
thus used the fringes are as in rv, v' r > , quite the same in breadth and in position 
through their whole length; and not the least difference is to be discerned in them, 
whether made by a second edge, which is one sharp edge, or by a compound second 
edge, similar to a bode. 

Hence I conclude that the beam passing by the compound edge, or com|>ound 
edges, is exactly as much distended by the different flexibility of the rays, and is ex¬ 
actly as much bent from its direct course when the flexion is performed by a sharp 
edge, by a plane surface, by a very flat cylinder, or by a very convex cylinder; and 
therefore that all the action of the body on the rays is exercised by one line, or one 
particle, and not first by one and then by others in succession; and this clearly 
proves that after a first flexion takes place, no other flexion is made by the body 
on the same side of the rays. This is easily shown. 

For a plane surface is a series or succession of edges infinitely near each other; 
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mo 

o#iaflaifcljr smaitBadjiear plane 
aui4WMtloiQirigp8«‘Al^!«I6(^:Cft^ {kuthe ;.deotian.;of ,8ncbiia curve surface.^: Tbte 
Iparekftfg S' dobiiag < &s»!n*ar enough the rny H R'^ baud; it, then thte nexLparticle G 
ik odty^iDtfaerqdihtane from the unbent ray, thanthelparticletBby the Verted 
limnir thMnfiuiteiy small arch G Pi ijButuOifl nofat all further distant thun P from 
the nrc taut by P into qr. and yet we see that O produces no effect whatever gn the 
'ray after P has hhie bent it. No more do any of the other particles within whose 
spheres of flexion the ray bent by P passes. The deflected ray q r 1 no doubt is some¬ 
what more distant from O than the incident ray was from P, but hot so far as fo be 
'sptfeP^t/ deflexion ; for G&Hfe stlak tb'make the other friibgesht greater 
dfsianccs^thh^ tfie ffrtf. Conseqhentl^G could act bn the first fringe make by Pas 
mik4*li$ I* cilh ! irimakirfg tlie Second,'ihfid, ttiid bfli'ferfringes; and if this tle true of 

_liVJ jo. ji* ’ L Vti JIjJ-iiy }* ’j I iff _U 



^eq ! i|erice of ^Hai fir4t iole’s rfexIOn iieHrfci* ^ bent ray, least m the case of in- 
‘jffexiim.'' feut ? 1t is to be observe! cl, moreover, intk6 experiment with two oppo- 
v site , ed^Cs^i(ifleki<)h enters ’hs well as deflexion, add'consequently tins demonstration, 
founded on the exact equality* of th£ fringes made by compound double edges, appears 
to be conclusive. For it must be observed tjhat this experiment of the different edges 
and surfaces, plane and curve,'having precisely the same action, is identical with the 
former experiment of two edges being placed one behind the other, and the second 
qHxx|ucingiiBO effect i&piaoed on thajsame stdeof the ray with the firtt edge. These 
two edges are exactly like two successive particles of the same surface near to which 
the raVe pasS.'-. ■Consequently the two experiments are not similar but identical; and 
of .thg ^dg^ / pn(| i ithp. bqck of p,^azor making tbe same, fringes, 
^oyq^tih^j^^izsp^pttpf the, r^ys, oq^ppe, side. v Thus the proposition is proved as to 
t;•»» :• mdl’ •••»!.? o' ■ • •>•«* ■»* • i 

sd) Wa&dTb* proposjfioq,is fyr%& {Jepopfifdpatgd, as, regards, disposition, in tbe 
rfrffiWSPVlpa^ff^y.pbwiflg ,$f\ fflfept o£,KR,l>0dic*<os edgg^wtether placed.di- 

between them sq neap as.to be bent, 
plpoR^.qne bqlpp^t^ejqthc^ab.pt sides, pf the rays. .Suppose the edges 

ot^^nk sup^sg, t here » np disposition’ tbe rays to 
4Sf«$ e {W e (tdgl? ip. J qqp^qtjeRce,ef,tbq ( otbei5Jfdge’ftq^iqp. ( ., r gbep 
tbste^ioq.^p^remjqyial of by tile twp fikges aqtipg 

.t^e^^tjie .t#fl sej^rate.aqtiopE, i %PPO»« that 
tfthtff,,inflgct^ } qfffi r .4iqipose Jhay/ifleiriofl.n dp^fwpn w 
^ -foMpwjng thp.sajHE lpw; Jhflfl tb c forcy.pxerted by each 

being equal to d, that exerted by both must be equal to 2d. But instead of 
vd, Of 6di>hidh ihufet hH o#iflg to'the hctfofl’kf fte'lwoin- 
troducing a neafi powejvto i iatf using a newidispositiafe ongthe rays beyond what the 

(Ostipfl Rf ARC flidix. „ .„i« paJ*>o’digits ?n ? :>r,HO*it* yyv ,, • > I.-: * 
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If, however, we would take the forces more correctly (fig. 10), let A and B be the two 
edges, and let their spheres of flexion be equal, AC(=a) being A’s sphere of inflexion 
and B’s sphere of deflexion; BC (=a) being A’s sphere of deflexion and B’s sphere of 
inflexion; and let the flexion in each case be inversely as the mth power of the di¬ 
stance. Let CP=ar, PM=sy, the force acting on a ray at the distance a+x from A 

and a —x from B. Then if B is removed and only A acts, y = If B also acts, 



Now the loci of y and y are different carves, one similar to a conic hyperbola, the 
other similar to a cubic; but of some such form when m=l, as SS' and TT. It is 
evident that the proportion of y : y can never be the same at any two points, and 
consequently that the breadths of the fringes made by the action of one can never 
bear the same proportion to the breadths of those made by the action of both, unless 
we introduce some other power as an element in the equation, some power whereby 
from both values, y and y, x may disappear, else any given proportion of y :y' can 
only exist at some one value of x . Thus suppose (which the fact is) y:y':: 1:5 
or 1:6, say :: 1:6, this proportion could only hold when 

x= fchlls or = ( - 4— . ify :y:: 1:g. 

5»+l 4**-f 1 

When m=2, the force being inversely as the square of the distance, then #= | and 

a, are the values at which alone y :y } :: 1 :5 and 1:6 respectively. 

But this is wholly inconsistent with all the experiments; for all of these give 
nearly the same proportion of yiy 1 without regard to the distance, consequently the 
new element must be introduced to reconcile this fact. Thus we can easily suppose 
the conditions, disposition and polarization (I use the latter term merely because the 
effect of the first edge resembles polarization, and I use it without giving any opinion 
as to its identity), to satisfy the equation by introducing into the value ofy some func¬ 
tion of a— x. But that the joint action of the two edges never can account for the 
difference produced on the fringes, is manifest from hence, that whatever value we 
give to m, we find the proportion of y f :y when a?=0 only that of double, whereas 5 
or 6 times is the fact. The same reasoning holds in the case of the spheres of flexion 
being of different extent; and there are other arguments arising from the analysis 
on this head, which it would be superfluous to go through, because what is delivered 
above enables any one to pursue the subject. The demonstration also holds if we 

suppose the deflective force to act as ^ of the distance, while that of inflexion acts as 

But I have taken i»=n as simpler, and also as more probably the fact. 

I have said that the rays become less easily inflected and deflected; but it is plain 
bidcccl. 2 i 
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t^«jt qn f ^hp-p^farp^di slde$pey,aj;e 7 pi>t ipfleetedrcr, deflected, at all. „ Their idlsposition 
0$ .opposite,,side fOSttarpf, degree.;,„tl*epv polarization j§ absolute and (their 

%NKWW»Hv ...niitv, mP • *• ■ "'o '««» tf ■'•'««>•’•'••»•♦' ,ii " ‘ - 

M( y, y, n ••‘t t ,./ ... .■*:.. -v. s ; -mK, ‘ -v 

The rays disposed »on. tome .side by the first flex jon, are polarised on that Aide by the 
seponddexjenjPPfOhie rays, polarized on,, thepther side, bythefimt/flexipp W£ de¬ 


polarized aaddisppsed onthat aidebytbesecond flexion. ,< ;,, ..... 

.This proposition,is proved bypacefufly applying, the first experunentpfiProp.il.; 
bpt gxwp.f&rp is, rqrpjjrcd in this, experiment* because when three edges, aroused con- 
8epu,tivejy,:tbc4fi^d-P^ge, Often appears Uh act op,rays previously; acted on by both 
the ptheii two, ^fiep itiis.pnty acting on tjbose .previously acted opby onp pr other 
oftbnse two^ Thus,hep edge, A has inflected and edge B, afterwards deflects the 
rays disposed,by .At p third edgeC may,wben applied on tbe pide opposite,;to B, 
se^na ,tp increase the itexiop, and yet,op .removing A. altogether, we may find the same 
effect coptippc, ,which, proves that, the only action exercised had been by B and C, 


apd, tflat C.hhdjtot acted, on.rays previously , bent by both A and B, which the expe¬ 
riment pfcourse; requires to; proflejthe proposition; , I was for, a long while kept-in 
grept uncertainty ,by this circumstance, whether the third edge ever acted at all. That 
itppyer aqtpd ,on, the .side, of the,ray, on which the second, edge acted, I plainly saw; 
but, I .frequently changed pay opinion, whether or pot it acted on the opposite, side, 
tbat;is, pn the snipe side, with the, first edge. Nor oould I confidently determine this 
ifppp£tunt poipt, until 1 had,the benefit of an instrument which I contrived Cor the 
purpose, ( pnflwhich; executed by M. Solbil, enabled,me satisfactorily to perform the 
expcrimentwn c^ucys as follows *rr /((l i . ,• < 

(pf-wbich die sides are graduated) three 
uprighJls^e idnced, thp.onpj Bi fixec^ theiOfcber.two, C and D, moving in the groove 


i , ‘ ; 

, l < > ** <* 
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» ' i r * *' < ' ■ 

■*h - 1 • 

». t - i*. 


fi * ,rf 1 

' /' ’« 'l l[f lh, ’ • i v 'lWlj ‘|lH| 1 1 it»lf i* 1 

ii It WtijlL ft * 'JO * ,J 1 

nrr t^ '*‘0 

of A,B. On eaCh of the uprights is a htbad sharp^edged plate, 1 moving op and down 
tifejppright byiwrack ahd pinioh, so thtit bbth thA plates F, G} coUlfl bfe apj^i^urHed hfi 
Bear ns posskife.to each other, and » oohld F be approached to the platC E on the 




M&rtp&tfHBl $&«rdswto4r faNgM-wtod* 

myStbatpaSsedas wa§i^efiir^i\ and io CWftM^eafehb#tfrbugbt «s near the* opp&ite 
edge of the neighbouring plate. It is quite necessary that this instrument Should Ife 
heavy in order to give it solidity; it W eifiiaity h^cessary that the rack and pinion 
movement shotild be justftnd also easy 1 ! ft* *thte’object is W &t'the' plites fctwfll,'so 
that tfreip'position in respeetbft&e rays «iay be easily 1 fctftttrgedy ^aiid when cifieeP'adi 
justed may be immovable until the observer defufet' to fcffihgfc thrir'ipoSitWm. '' u 1,i ‘ 

The light was passetl urider tby^«eteina ; aeted' Up^by'tf l i,'1tS ! 1Mveirifedge: : ¥he 
second platfef’E'was >then Vaisfed otiC SO aS , td !1 acb on tttfc SidS 'OF^hfe' rilyS'bppOsTte to 
a b, by itsupperedgecrfr The friiPgeS inflected by a CWere'tfrils'defleefrdby’ ir#, ! ill 
virffte Of the dispositiohgrv^rt -tdtheSidid next b if;' THen'tWe tMftf pMd G; Uil its 
stand Dy^vas moved Sb tflatlt codltl be’ brij light to' act by its loWef isdge tf, which’ 
wieis'approached t6 the rays' dSfltfeted byif'd, and plated' dh their <^>pfasit&s1dC. rl ' The 
action waSCfeshTtfed by ebtamiiUng tbe frihgeS’ oh' the cbSri M. ui l , Ho i se ! '<r i hi'dfi 'bafd' 
beert as t>\ made by the joint 'aeticmcfthetwo' firfet, edges Ej F;wefe seen to mo# 
upwards to p as rile tail’d edge G earbe near the raysf and p Was both’ brOad^t* 
thari o, and further removed from the direct rays R R'. - In' order to 1 make qtitte'siiiV 
that this change in the' sizeahd 1 position fif'd-had nbf beCif nceasioned by the 1 iberc 
action Of two plates, as E and G or P and G, it Was quite necessary io remove first’E* 
by drawing it up the stand B. ! If the fringe/> then vanished, complete prOof waS 
afforded that E had acted as well as / G. Then P was removed, and if p vftnfgbfid; 
proof waS afforded that P acted as wfill as £ and G. A very Convenient vhrifitiorifif 
the experiment'was also'cfifttinaed atid Was found satisfactory. When the joint action' 
of F and G gave a fringe, as at q, E being removed op the stand B, theft’E Was 
gerttly ritoVed down that stand, and as it approached the pencil, which Was on ! its 
way to Fand G, you plainly perceived the* fridge enlarged and removed from j’ iti'p! 
These experiments were therefore quite crucial, and demonstrated that ail the edges 
had concurred to form the fringe at p, the first and third inflecting, the second de 
fleeting. 

The same experiments were made on; the fringes formed by the deflexion of the 
first edge and the inflexion of the second, and the deflexion of the third. ; 

It is thus perfectly clean tjiat the rays bent by tbe first edge and disposed on 
their side opposite to that-edgSe, are bent in the other direction by tbe {second edge 
acting on’that opposite side, fand are afterwards again bent in the direction of tbe 
first bending by tbe .action of ;the third jedge upon the side wbicb was opposite tbe 
second edge and nearest tbe first edge.! But this side is the one'polarized by the 
first edge, and therefore that side is tfspetarteed by the action'of the second edge. 
Hence it is proved that the rays polarized by one flexion are depolarized by a second; 
aftd js it is proved, by, rep^te4 ^^H i ijwfenb*, ( that > iio bodyiRlaeSd fanitfae sable side'of 
tbp fays the, bcndiiig,;bp(iies^iwhether the ifimtiqibtte ssconthdrithfi thirdy 

express ,any action on, Abase ,rpfftf><it'>i*>l&HS manifest)that anjnone flekieni ihavings 

21 2 
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disposed, a second p^Res ttie disposed ridCiiffid that Any one flexion having 
polarised, a second flexion depolarizes and dftjj&ses the polarized ride. 

Exp. 8. Another test may be applied to this subject, <k instead of a rectilinear 
edge, I made use of edges formed into a curv€|, ^ in fig. 12,where C is socb an'edge, 
and then the figure made is gh, corresponding’to the csft* efi.. The first edge in 
the last experiment being formed like C, instead of a straight-lined edge, eps cun at 
plipe perceive that it hq? acted on the rays as writ as the second and' tbi ? rif 5 ^ges, 
‘b ecau se these" being straight-lined, never* could give the ccftiib-like Shape g* A to the 
frin ges. This completely confirmed the otW observations, &d made theinference 
irresistibly /' , ’ „ ., v ' 


».■ • PaoposmoK’IV. * -i<». >< • 

‘ The disposition Ootntntinicated by the’flexion to the rays "iS dKeinative; and 1 after 
inflexion they canifdHe aghin’MfleOted 6n either side; nor after deflexion can they 
be deflect^. ’ Bot tfley may be deftected after inflexion and inflected after deflexion, 
by another body adting upon the sides disposed, and lidt by its acting upon the sides 
polarized. 

Tbis is gathered from the experiments in proof of the 'second and tbird proposi¬ 
tions. ■’* ’ r/ ■ 

•. ' , o Pkoposition V. \ . 4 . 

The disposition impressed upon the rays, whether to be easily deflected or easily 
inflected by astecand, bending, body, is strongest nearest the first bending, bpdy, mid 
decreases as the Ai»tar»cebet ween the two bodies increases. 


h PlateXI.fig. 11. X*t A Base be the .distance b#jvepn the fifUt bendingbody and a 
given point, ntbne ©r.less arbitrarily assumed; P the second body; A P?n*i P M=y, 
the force,exerted by the second body at P $ Cc-jthe chart.? P M=*y is in e^une jnverse 


prepoirtipn to &P 1 , bntnot jbf4=- or ~, becatise if is nbt infinite at'A, btot of an 

r •>h» -!t . . -AF *.f -r .. !>.(;. It b. > : 

assignable valne there; therefore andtb© curve which is tee focas of P 

MM. n.m * ‘*1 >* * - . « *.>,/« f. ft- . : ' 


mm . » ‘ , ^ _ 

has an'asymptote Rt B, when *sfe—The fringes being received duthechartat C, 

it miirht hft snnnnspH that, thi ’ 1 liiflwrmiw'iii'thMr lipMfitli 1 fit whiieh f mi>iuinn> th** 



second from the first edge, the secant of that angle; tec third edama gives tee 
.breadths of. the fringes at the distances given in, the preceding columns; the fourth 
^^.eyt^f y, supposing MN w«* atonic hyperbola^, , 
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The nnit here ip ■jfoth of an inch. ' ( ( ^ ^ 

It ia plain that this agrees nearly with the conic hyjp^tjbola, lint m ( no r^speit’with 
a straight line; and upon calculating whpt effect the approach dt P to J5Voul^ < tiave 
had, nothing could be piore at variance with these numbers. 1 "sir'*"' J,i “ 

Exp. 2. All doubt on this bead is removed by making Ptbe fixed point, and moving 
the first edge A nearer or further from it. In this experiment, the disturbing cause, 
arising from the varying distance from th^, chart, if entirely r^poved; and it is uni¬ 
formly found that the decrease in the force varies potwitbptapcUng with the inerfpse 
of the distance. I have here only given, ,the measures by way of illustration, and not 
in order to prove what the locus ofy (w,P) is, or, in other wqrds ft wbja^ die valpe, <ff 
m is. . . 

Exp. 3. When one plate with a rectilinear edge, is placed ip the rays, and a second 
such plate is placed at any distance between it and the chart, the fringes are of eqpal 
breadth throughout their length, and all equally removed from the direct rays, 
each point of the second edge being at the same distance from the corresponding 
point of the first. Bat let the second plate be’placed at an angle with the first, and 
the fringes are very different. It is better to let the second be'parallel to the chart, 
and to incline the first; for thus the different points of the fringes ace at the same 
distance from the edge which bends the disposed rays. In fig. 13, B is the seebnd 
plate, parallel to the chart C; A Is the first plate; all the points of B, from D'W E, 
are equidistant from C; therefore nothing can be ascribed to the divergence of the 
bent rayB. B bends the rays disposed by A at different diftan^ef ft IJ)' an$,^E' 
the point of disposition. The fringe is now of varans breadths' from dd! to e, the 
broadest part being that answering to the smallest distance; of D, the .point of.flexioa, 
from D 1 the point of disposition; f the narrowest part, e, answering, to EE', or the greatest 
distance of the point of flexion from the point of disposition. Moreover, fbe whole 
fringe is now inclined; it is m the form,of a curve from def to e, asm the broid part; 


$$s thus $ite cleay Vhat Sie 

filiw OpOLftl, Ti, 7Pl» V ,, , 


equation to the foreeof disposirie® byatyinr «.% * ‘i >, i- jB olt .p<nt noo.’v 

In order to ascertain the value of m, I riUirf&d 1 Ml?B^i^ admehsnrt- 

meuts, but had an instrument''tnadecflf git&i A6dhra*y J ana ! even l( tie!foicy. ,,J ff fcdB- 
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sistedof tdr© platesj A and B (PJat^ Vl:),wittJ sbitp'+eK'tflinter edgtSi 'Onfr, A,hdri- 
zantal, the other, moving vertically on a pivotjitmd bdth nicely graduated. 'The 
angle-at which the second plate was vertically iteliftedto the first, was likewise ascer¬ 
tained by a vertical graduated quadrant Ev Moreover the edges moved also boti- 
zoatally,: and theirs angle with each other was measured by a horizontal graduated 
quadrant K. There was a fine micrometer Ftoaseertfctmf he distances of the two 
edges from each other, and another to measure the breadth of the fringes on the 
chart. The observations made with' this instrument gave me undoubted assurance 
that the equation-to the; curve M ; N in figj 11 is yftsiA,’ a conic hyperbola, and that 
the; disposing force is inversely as the distance at Which the flexion Of the rays bent 
and disposed takes place.*- " : ... ' 

Scholium .-—It is clear that the extraordinary property we have now been examihing, 
has ho Connexion With the different breadths of the pencils at different distances 
from the point of the first flexidn, owing to the divergence caused by that flfexkm. 

By the same kind of analysis, which we shall use in demonstrating the 6th Propo¬ 
sition, it may be shown,— iftrst, that' the divergehce of the rays alone would give'a 
different result, the fringes made by an inflexion following a deflexion and those 
made by a deflexion following an inflexion ; secondly, that in no case would the 
equation to the disposing force be the conic hyperbola, even where that fringe de¬ 
creased with the increase of the distance; thirdly, even where the effect of increasing 
the distance is. such as the dispersion would lead to expect, the rate of decrease of 
the fringes is very much greater in fact than that calculation would lead to, five or 
six times as great in many cases; and lastly, that instead of the law of decrease being 
uniifbrtfi; it wbnld, Jf caused by the dispersion, vary at different distances fVoin the two 
edges*, jNothjng therefore can be more manifest than that the phenomena in ques¬ 
tion depend upon a peculiar property of the rays, which makes them change in tbeir 
disposition wjth the length of the space through which they have travelled. 

It should seem tfiat light, may be compared, when-bent and thereby disposed, to a 
body in its nascent. state, which, as we find by constant experience, has properties 
different from; those which.it has afterwards; and I have therefore contrived some 
experiments for the purpose of .ascertaining whether or,not light at the moment, of 
its production (by artificial means) has properties, other than those which it possesses 
after.it has been some time produced. Thu?,will-form the subject ofa future inquiry. 
I would suggest, however, at present that the, electric: fluid ought to be examined with 
a view to find whether or not it has any property analogous to dis portion, that is, 
whether it. becomes more difficultly attracted at spine sdistatieu from its evolution, as 
I'gljt.l 8 ropro difficultly, bent at a distance from the point of its .being disposed. lt Qh 
heat a like experiment may be made. The thermometer would, Bddoobt stand M « 
different height at different distances from the source,of th© bea* ;-but lhei question 

* I hare given demonstrations of these propositions in a memoir presented to the National Institute, but I 
am reluctant to load the present-paper with them. . . \ , ~ ; 
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is if it jrill -not r«wh,ita;fuU,height* whatevar thaO : tnay be, more quickly neair its- 
source than far fre»i}f*. ! This, experiment ought-Above all'to be made on; radiant 
heat, in which ,1 confidently expect a 1woperty1wiIl1.be foupd similar to the disposi¬ 
tion of light. . It is also plain that we may expect strong; analogies in magnetism 
and electro-magnetism.:—I throw out these things because oiytime forsuch loves - 
tigations may .not be sufficiently extended to let me undertake them fitfth success. ■ 

• .. >,ii .. . ' ,.;‘ .! '■ ' 1 1 

, , (Proposition iYI. .„ ,, „ ->.• . i 

The figures made by the inflexion of the second, hody acting upon the rays de¬ 
flected hy the first, must, according to .the calculus applied to the case, be broader 
than those made by the second body deflecting those rays inflected by the first. 

In fig. 14, let A o' be the violet, rays and. Ad the red, inflected by A and-deflected 
by B. Let A r be the red and At* the violet deflectedby A and inflected toy B, The' 
action of B must inflect A r, A « into; a broader fringe F, than the action <rf B deflects' 
Ad, Ar'into the fringe/* -. . > ••• !■•■••>'•> *»1 

Let B r=a be the distance at which B acts onAr;r»=d be the divergence of the 
red and violet; c be the distance of the. two bent pencils, and dd the divergence Of 
the inflected pencil, equal also to d, because we may take the different inflexibility to 


be as the different deflexibility. B acts on the red of Are as ~; on the violet as 


(7T3p 5 and 80 on A ^ Mjz+Y+pfni '® n A^-as J * « evident tbafthe ac¬ 

tion in bending Ar, An, or the fringe made by that action, is to the fringe made by 
the action on Ad, Ad, as ~~~ : { j+ £ d+e) * -r (a + J + ^ ; and ultimately ,the. 

two actions (or sets of firlhges) are (supposing ct— 1 and d also = 1, for siririplifying the 1 

expression) as •. . r ■ •’ • •’ 

2*xr (3+e)" (3+ c )*-Ww (8+c)* (2+c)" to 2” r (2+c)"-2" n(3-f c)r ' '" ; 
Now the former of these expressions must always be greater thaii the latter, because 
(3-f-c)'Vl, and also (3-4-c) m ~lt»{2-|-c) J '‘“ F ; and this whatever be’the valtie of m 
and of c, and whatever pro portion we 1 allow of r to v, the flexibilities. Blit it Is also 
manifest that the excess'of the first expression Above the second Will be (^efiter If thte 
flexibility of the red exctedshat of the vlolet, oh if r is : greater tTmti h/ tls S'd. Metice' ’ 
we conclude; Jirst, that*in miked dr !: White light thh fringes' 'ihflefcted' ijy B aftdf 
deflexion by A are greater than those deflected by Bafter infhM6tt :i by'A; iectiktily, 
that they are also greater in homogeneous light; thirdly, that thb’dXdfess olF tiie in¬ 
flected fringes over the deflected fs greater itt mixed than iti hottBgeneo’tf^iight. 

The action of flexion after disposition‘ is so mach greater fbffli that ofsithpie'flexiOh; 
that I have only taken into the calenlatioh the compound flexion. But the most 
accurate analysis is that which makes the two fringes as' 

D+ ~ ( a +rf)» toD+ ( 0+2< / +c )» (a+d+ey*’ - ‘ 



348 LORD BROUGHAM’S EXPERIMENTS AND OBSERVATIONS 

D being the breadth of the fringes on the chart by simple flexion in case the rays 
had passed on without disposition and without a second flexion. If it be carefully 

kept in mind that D is much less than or even ^ +2 j +e ^ , and that d is still less 

than D, then it will always be certain that the first quantity is larger than the second. 

Cor .—It is a corollary to this proposition that the difference of the two sets of 
fringes is increased by the disposition communicated by the rays in passing by the 
first body. For the excess of the value of r over that of v being increased, the differ¬ 
ence between the two expressions is increased. 

Proposition VII. 

When one body only acts upon the rays, it must, by deflexion, form them into fringes 
or images decreasing as the distance from the bending body increases. But when 
the rays deflected and disposed by one body are afterwards inflected by a second 
body, the fringes will increase as they recede from the direct rays. Also when the 
fringes made by the inflexion of one body, and which increase with the distance from 
the direct rays, are deflected by a second body, the effect of the disposition and of 
the distances is such as to correct the effect of the first flexion, and the fringes by 
deflexion of the second body are made to decrease as they recede from the direct 
rays. 

In fig. 15, AP is the pencil inflected by A and forming the first and narrower 
fringe p ; A r is the pencil inflected nearer to A and forming the broader fringe r. 
Such are the relative breadths, because they are inversely as some power of the di¬ 
stance at which A acts on them. But if B afterwards acts, it is shown by the same 
reasoning which was applied to the last proposition that r will be less than p ; and so 
in like manner will r' be made less than o', though o' was greater than r', until B’s 
action, and the effects of disposition with the greater proximity of the smaller fringe, 
altered the proportions. 


Proposition VIII. 

It is proved by experiment that the inflexion of the second body makes broader 
fringes or images than its deflexion after the inflexion of the first body; and also that 
the inflecto-deflexion fringes decrease, and the deflecto-inflexion fringes increase 
with the distance from the direct rays. 

Exp. 1. It must be observed that when we examine the fringes (or images) made 
by the second edge deflecting the rays which the first had inflected, we can see the 
effects of the disposition communicated to the rays at a much greater distance of the 
second edge from the first, than we can perceive the effects of that disposition upon 
the inflexion by the second edge of the rays deflected by the first. Indeed we only 
lose the fringes thus made by deflexion, in consequence of their becoming so minute 
as to be imperceptible to our senses. But it is otherwise with the fringes or images 



' i; ><%PON^E*p*©rawMes; of ug*t. 


lS9!f 

%Mk(i#tby the seconded#* ifi&ectrng ttte mjm whteJl tbfejefirst deflect These 
can duly be seen whtetftfwi sefcofcdedge is near the^fstv because the rays cannot pass 
on so as to fpro* the images on th? chart, if the fecund i^flistant from the first. The 
pencils diverge both by the deAexion and by the inflexion of the first edge. But we 
can always, wheti fHe inflected rays pass too far frbra tfte'second edge*, bring this s6 
near them as to act on then*, Whereas we itf so doing intOrfcept the deflected *rays. 
However, after this Is explained, We find H6 difficdftyfn e^rhining the effects of the 
inflexion by the second edge, only we must place it hear the first, and thus We have 
two sets of fringes, one extending into the shadow of the' fifht edge at an inch distafide 
between the two edges; but at three-fourths of an inch, nay, at two inches, or even 
more, this experiment can well be made. 

Exp. 2. At these distances I examined repeatedly the comparative breadths of the 
two sets. In fig. I'd, aft is the White disc, on each *ide of which are fringe^ those 
oh the one side, bt 9 cd 9 are by the inflexion of the second edge ; those on the opposite 
side, af 9 /e, are by tlib' deflexion of that second edge. I repeatedly measured these 
sets of fringes, and at various^ distancOtffrom the second edge; and I always found 
them much broader on the side of the second edge than on dbe opposite side^ Thus 
ab being the breadth Ac’was 3; and cd 4$, while, on the opposite side, af was 

= 1 and fe only f or The fringes by inflexion of the second edge also uniformly 
increased as they receded from a b 9 the direct rays, whereas the opposite fringes as 
constantly decreased. : • 

Exp. 3. If however the distance between the two edges lie reduced, it is observed 
that the disparity between the two sets of fringes decreases, and they becoinegtadu- 
ally nearly equal; atid whfcn the 5 edges are quite opposite each other there is no dif¬ 
ference observablfe in the two Sets. Each ray is disposed , and polarized alike and 
affected alike by the ^wo edges, and no difference can be perceived between the two 
sets. <•' < ' *•' j 

Exp. 4. The experiments also agree entirely with the calcdha& in respect of ,the 
relative values of r and v affecting the result. It appears that the fringes by the second 
edge’s inflexion are broader than those by that edge’s deflexion, whether we use white 
or homogeneous! ‘light. In the latter, however, the .difference is not so:considerable. 
This I have repeatedly tried and made others try, whose sight was better than* my 
own. I may take the liberty of mentioning my friend Lord Dotrao^Who has, I believe, 
hereditarily, great acuteness of vision. > - ^ r « ’ <*■ 

1 - i >w < * 4 >'>v - ' ,;} j <,« 

'• ' J ’ *- ' -TUf £*!W)PQ$JjrjON IX. n ; , - t ^ < r ’ 

The joint’action of 4wo bodies situated shmlariy withu respect to the rays which 
pass between them'So near as td be affected 1 by both., bodies, roust,, whatever be the 
law Of their action; 1 provided i&be inveesely as some; power of'the: distance, produce 
fringes or images which increase with the distance (from the direct cays. 

1,1 "Let ('fig. 17) A and B be* the two bodies, and AGsG Bsgftjbe their spheres «f 

MDCCCL. 2 K 
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flexion, so that A inflects and B deflects through AC, and A deflects and B inflects 
through C B. Let C P=x, P M=y. The force y, exerted by the joint action of A 

and B on any ray passing between them at P, is equal to supposing 

deflexion and inflexion to follow different laws. To find the minimum value of y, take 
its differential rfy=0; therefore we have 

— m(a+x)- m ~ l dx+n(a—x)-*- l dx=s0 9 or m(a— x)*+'=n(a+x) m ". 

If m=n (as there is every reason for supposing), then a — x—a+x, or x=0; and 
therefore, whatever be the value of m (that is whatever be the law of the force), the 
minimum value of y is at the point C where A’s deflexion begins. The curve S S', 
which is the locus of M, comes nearest the axis at C, and recedes from that axis con¬ 
stantly between C and B. Hence it is plain that the fringes must increase (they 
being in proportion to the united action of A and B) from C to B ; and in like manner 
must those made by B’s deflexion and A’s inflexion increase constantly from C to A; 
and this is true whatever be the law of the bending force, provided it is in some in¬ 
verse ratio to the distance. 


Proposition X. 

It is proved by experiment that the fringes or images increase as the distance in¬ 
creases from the direct rays. 

Exp. 1. Repeated observations and measurements satisfy us of this fact. We may 
either receive the images on a chart at various distances from the double edge in¬ 
strument, approaching the edges until the fringes appear, or we may receive them 
on a plate of ground glass held between the sun and the eye. We may thus measure 
them with a micrometer; but no such nicety is required, because their increase in 
breadth is manifest. The only doubt is with respect to their relative breadth when 
the edges are not very near and just when they begin to form fringes. Sometimes it 
should seem that these very narrow fringes decrease instead of increasing. However, 
it is not probable that this should be found true, at least when care is taken to place 
the two edges exactly opposite each other; because if it were true that at this greater 
distance of A from B (fig. 17) they decreased, then there must be a minimum value 
of P M between C and B, and between C and A; and consequently the law of flexion 
must vary in the different distances of A and B from the rays P, a supposition at 
variance it should seern with the law of continuity. 

Exp. 2. The truth of this proposition is rendered more apparent by exposing the 
two edges to the rays forming the prismatic spectrum. The increase is thus rendered 
manifest. If the fringes are received on a ground glass plate, you can perceive 
twelve or thirteen on each side of the image by the direct rays. It is also worth 
while to make simildr observations on artificial lights, and on the moon’s light. The 
proposition receives additional support from these. But care must always be taken 
in such observations, which require the eye to be placed near the edges, that we are 
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not misled by the effect of the small aperture in reversing the action of the edges. 
Thus when viewing the moon or a candle through the interval of two edges, one 
being in advance of the other, we have the coloured images (or fringes) cast on the 
wrong side. But if we are only making the experiment required to illustrate this 
proposition, the edges being to be kept directly opposite, no confusion can arise. 

It is to be noted that the increase of breadth in the fringes is not very rapid in 
any of these experiments; nor are we led by the calculus to expect it. Thus suppose 

m=: 1, we find ^because at P°* nt when x=0, the breadth should be 

proportional to -. Take #= and the breadth is as gg-, or the breadth of the one 

fringe is to the other only as 200 to 198 or 100:99. We need not wonder therefore 
if there is only a gradual increase of breadth from C to B and from C to A. The in¬ 
crease is more rapid between x=| and B than between C and Thus between the 
value of x= | and ~ the increase is as 4 :5. But from | to ~ the increase is as 7 :12 ; 

and this too agrees exactly with the experiments *, for as the edges are approached 
the increase of the fringes becomes more apparent. 

Proposition XI. 

The phenomena described in the foregoing propositions are wholly unconnected 
with interference, and incapable of being referred to it. 

1. When the fringes in the shadow are formed by what is supposed to be inter¬ 
ference, there are also formed other fringes outside the shadow and in the white light. 
If the rays passing on one side the bending body (as a pin or needle) are stopped, the 
internal fringes on the opposite side of the shadow are no longer seen. But no effect 
whatever is produced on the external fringes. These continue as long as the rays 
passing on the same side of the body on which they are formed, continue to pass. 
The external fringes have many other properties which wholly distinguish them from 
the internal or interference fringes. 

2. Interference is said to be in proportion to the different lengths of the interfering 
rays, and not to operate unless those lengths are somewhat near an equality. In my 
experiments the second body may be placed a foot and a half away from the first, 
and the fringes by disposition are still found, though much narrower than when the 
bending bodies are more near to one another. 

3. The breadth of the interference fringes is said to be in some inverse proportion 
to the difference in length of the interfering rays It is commonly said to be inversely 
as that difference. 

In fig. 20, A is the first and B the second edge. By interference the fringe at C 
should be broadest and at D narrowest, because AC-BC=AO is less than AD 
—BD=AP; and so as you recede from D, the fringes should become broader and 
broader, because the two rays become more nearly equal. But the very reverse is 

2 k 2 
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notoriously the case, the breadth of the fringes decreasing with their distance from 
the direct rays. 

4. In the case of the fringes formed by the second body inflecting and the first de¬ 
flecting, there can be no interference at all; for the whole action is on one and the 
same pencil or beam. A deflects and thenB inflects the same ray; and when a third 
edge is placed on the opposite side to B, it only deflects the same ray, which is thus 
twice bent further from the direct rays, the last bending increasing that distance. 

5. Let A be the first and B the second edge as before (fig. 20). Suppose B to be 
moveable, and find the equation to the disposing force at different distances of the 

two edges, we shall find this to bey= a being =AE, fc=ED, 

and AB=x. But all the experiments show it to be y= a wholly different curve. 

Again, let B be fixed, or the distance of the two edges be constant, we shall get the 
equation (a being =A E, b= BE, 1=DE and EC=x).»/= 

also a wholly different curve from the conic hyperbola, which all experiments give. 
Therefore the conclusion from the whole is that the phenomena have no reference to 
interference. 


Having delivered the doctrines resulting from these experiments, I have some few 
particulars to add, both as illustrating and confirming the foregoing propositions, as 
removing one or two difficulties which have occurred to others until they were met by 
facts, and also as showing the tendency of the results at which we have arrived. 

1. It may have been observed that in all these propositions I have taken for granted 
the inflexion of the rays by the body first acting upon them as well as their deflexion 
by that body, and have reasoned on that supposition. It is, however, not to be de¬ 
nied that we cannot easily perceive the fringes made by the single inflexion, as we 
can without any difficulty perceive those made by the single deflexion, and fully de¬ 
scribed in Proposition I. Sir I. Newton even assumes that no fringes are made 
within the shadow. I here purposely keep out of view the fringes made in the 
shadow of a hair or other small body, because the principle of interference there 
comes into play. However, I will now state the grounds of my assuming inflexion 
and separation of the rays by their different flexibility, when only a single body acts 
on them. In the first place, the first body does act in some way; for the second only 
acts after the first, and if the first be removed the fringes made in its shadow by the 
second at once vanish. Secondly , these fringes made by the second depend upon its 
proximity to the first. Thirdly , the following experiment seems decisive. Place 
instead of a straight edge one of the form in fig. 18, and then apply at some distance 
from it, the second edge, as in the former experiments. You find that the fringes 
assume t e orm, somewhat like a small tooth*comb, of a b. If the second edge is 
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furnished with a similar curve surface the form is more complete, as in cd. But the 
straight edge being used after the first flexion of the curved one, clearly shows that 
the first edge bends as well as the second, indeed more than the second, for the side 
of the figure answering to that curved edge is most curved. Fourthly , the whole 
experiments with two edges directly opposite each other negative the idea of there 
being no inflexion; indeed they seem to prove the inflexion equal to the deflexion. 
The phenomena under Proposition X. can in no way be reconciled to the supposi¬ 
tion of the first edge not inflecting the rays*. 

2. We must ever keep in view the difference between the fringes or images de¬ 
scribed by Sir I. Newton and measured by him, as made by the rays passing on each 
side of a hair, and the fringes or images which are made without the interference of 
rays passing on both sides. It is clear that the rays which form those fringes with 
their dark intervals do not proceed after passing the hair in straight lines. Sir I. 
Newton’s measures^ prove this; for at half a foot from the hair he found the first 
fringe xfoth of an inch broad, and the second fringe -5^; and at nine feet distance 
the former were 3^, the latter -$ l s , instead of being ^ and -fc, and the latter less than 
and so of all the other measures in the table, each being invariably about one- 
third what it ought to be if the rays moved in straight lines; and this also explains 
why the fringes do not run into one another, or encroach on the dark intervals in the 
case of the hair, as they must do if the rays moved in straight lines. 

But the case of the fringes or images which we have been examining and reasoning 
upon is wholly different. I have measured the breadths of those formed by disposi¬ 
tion and polarization, and found that they are broad in proportion to the distance 
from the bending edge of the chart on which they are received; and vary from the 
results given by similar triangles in so trifling a degree, that it can arise only from error 
in measurement. Thus in an average of five trials, at the relative distances of 41 and 
73 inches, the disc was 6f at the shorter, and 10^ at the longer distance; the fringe 
next it 3-^ at the shorter, and 5y^ at the longer distance, whereas the proportions by 
similar triangles would have been 9^ and 5^, so that the difference is small, and is by 
excess, and not, as in the hair experiment, by defect. Had the difference been as in 
Sir I. Newton’s experiment, instead of 10^ and 5^, it would have been 3*^* and 
In another measurement at 101 and 158 inches respectively, the disc was 15J, the 
fringe instead of 14f and respectively. But by Sir I. Newton’s proportions 
these should have been 4j and 3-^. It is plain that if the measures had been taken 
with the micrometer instruments, which had not been then furnished, there would 
have been no deviation. I have since tried the experiment, not as above, on the 
fringes formed by the double-edged instrument, but on those formed by one edge at 
a distance behind the other, and have found no reason to doubt that the rays follow 
a rectilinear course. 

* If hold a body between the eye and a light, as that of a candle, and approach it to the rays, you see 
the flame drawn towards the body; and a beginning of images or fringes is perceived on that side, 
f Optics, B. iii. obs. 3. 
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It may further be observed, that in the fringes or images by disposition and pola¬ 
rization, the dark intervals disappear at short distances from the point of flexion, 
and that the fringes run into one another, so that we find the red mixed with the 
blue and violet. This is one reason why I often experimented with the prismatic rays. 

3. It follows from the property of light, which I have termed disposition, on one 
side the ray, and polarization on the opposite side, superinduced by flexion, that 
those two sides only being affected, the other two at right angles to these are not at 
all affected by the flexion which has disposed and polarized the two former. Con¬ 
sequently, although an edge placed parallel to the disposing edge and opposite to it 
acts powerfully on the disposed light, yet an edge placed at right angles to the former 
edge or across the rays, does not affect them any more than it would rays which had not 
been subjected to the previous action of a first edge. Thus (fig. 19) if abcdbe the 
section of the ray, an edge parallel to a l , after the ray has been disposed, will affect 
the ray greatly, provided it had been disposed by an edge also parallel to ab. The 
sides ab and erf, however, are alone affected; and therefore the second edge, if placed 
parallel to a d or b c, will not at all bend the ray more or make images (or fringes) more 
powerfully than it would do if no previous flexion and disposition had taken place. Let 
us see how this is in fact: e fg h is the distended disc after flexion, by passing through 
the aperture of the two-edged instrument (Plate XI.). It is slightly tinged with red at 
the two ends/g and eh , beyond which, and in the shadow of the edges, are the usual 
fringes or coloured images by flexion and disposition, e,c, the edges being parallel to 
e Kf g- Place another edge at some distance from the two, as 3 or 4 inches, and 
parallel to these two, but in the light, and you will see in the disc a succession of 
narrow fringes parallel to the edges, and in front of the third edge’s shadow. These 
fringes are on the white disc, and their colours are very bright, much more so than 
the colours of those fringes described in Proposition I., and which are fringes made by 
deflexion without any disposition. But whether this superior brightness is owing to 
the glare of the disc’s light being diminished by the flexion of the first two edges, or 
not, for the present I stop not to inquire. This is certain, that if the third edge be 
placed across the beam, and at right angles to the two first edges, you no longer 
have the small fringes. They are not formed in the direction hg , parallel to the edges 
as now placed. If the double edges are changed, and are placed in the direction h! gf, 
you again have the bright fringes ; but then, if the third edge is now placed parallel 
to hi rf, you cease to have them. Care must, however, be taken in this experiment not 
to mistake for these bright fringes the ordinary deflexion fringes made by one flexion 
without disposition, as described in Proposition I. For these may be perceived, and 

even somewhat more distinctly in the disc than in the full light of the white pencil 
or beam. 

Now are these bright fringes only the flexion fringes, that is fringes by simple 
flexion without disposition r To ascertain this I made these experiments. 

Exp. 1 If they are the common fringes, and only enlarged by the greater diver¬ 
gence of the rays after flexion, and more bright by the dimness of the distended disc, 
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then it will follow that the greater the distension, and the greater the divergence of 
the rays, the broader will be the bright fringes in question. I repeatedly have tried 
the thing by this test, and I uniformly find that increasing the divergence, by ap¬ 
proaching the edges of the instrument, has no effect whatever in increasing the 
breadth of tbe fringes in question. 

Exp. 2. If these fringes are nut connected with disposition, it will follow that the 
distance of the edge which forms them from the double-edged instrument cannot 
affect them. But I have distinctly ascertained that their breadth does depend on 
that distance, and in order to remove all doubt as to the distance between tbe chart 
and the third edge which forms them, I allowed that edge to remain fixed, and varied 
its distance from the other two by bringing the double-edge instrument nearer the 
third edge. The breadths of the bright fringes varied most remarkably, being in 
some inverse power of that distance. Thus, to take one measurement as an example 
of the rest, at 4 feet from the third edge the chart was fixed and the third edge kept 
constantly at that distance from it. Then the double-edge instrument was placed suc¬ 
cessively at 14£, at 9 and at 4^ eighths of an inch from the third edge. The breadths 
were respectively 2, 3f and 4^ twentieths of an inch. In some experiments these mea¬ 
sures approached more nearly the hyperbolic values of y, but I give the experiment 
now only for the important and indeed decisive evidence which it affords, that these 
fringes are caused by disposition, and are wholly different from those formed with¬ 
out previous flexion. 

Exp. 3. If the greater breadth of these fringes is owing to dispersion, then they 
should be formed more in the rays of the prismatic spectrum than in white light, or 
even in light bent by flexion. Yet we find it more difficult to trace fringes across the 
prismatic spectrum than in white light, and more difficult across the spectrum when 
there is divergence, than when formed parallel to its sides when there is no diver¬ 
gence. There are fringes formed, but of the narrow kind, which are described in 
Prop. I. 

Exp. 4. I have tried the effect on the fringes in question of the curvilinear edge 
described in the first article of these observations, and the effect of which is repre¬ 
sented in fig. 18. It is certain that at a distance from the double-edge instrument 
the third edge seems only to form fringes rectilinear, or of its own form. But when 
placed very near, as half an inch from the instrument, plainly there is a curvilinear 
form given to the fringes in question; and this is most easily perceived, when, by 
moving the third edge towards the side of the pencil, you form the smaller fringes so 
as to be drawn across or along the greater ones made by the two first edges. 

I think, without pursuing this subject further, it must be admitted that these 
fringes in light, which is bent and disposed, lend an important confirmation to the 
doctrine of disposition. It is clear that the rays are affected only on two of their 
four sides, or a b and c d, if these are parallel to the bending body's edge, and not at 
all on the sides cb and da; that, on the other hand, c b and da are affected when the 
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edges are placed parallel to these two sides of the rays; and thus the connection of 
the fringes in question, with the preceding action of which disposed and polarized, 
is clearly proved. 

4. It is an obvious extension and variation of this experiment both to apply edges 
parallel to the first and disposing edges, and also to apply edges at right angles to 
their direction; and important results follow from this experiment. But until a more 
minute examination of the phenomena with accurate admeasurements can be bad, I 
prefer not entering on this subject further than to say, that the extreme difficulty of 
obtaining fringes or images at once from the edges parallel to the first two, and 
from edges at right angles to these, indicates an action not always at right angles to 
the bending body, but whether conical or not I have not hitherto been able to ascer¬ 
tain. That the first body only disposes and polarizes in one direction is certain. 
But it seems difficult to explain the effect of the first two edges in preventing the 
fringes or images from being made by the second at right angles to those formed by 
the first two edges, if no lateral action exists. One can suppose the approaching of 
those two first edges to make the fringes narrower and narrower than those which 
the second two edges form when placed at right angles to the first. But this is by 
no means all that happens. There is hardly any set of fringes at all formed at right 
angles to the first set (parallel to the first two edges) when the first two are ap¬ 
proached so near each other as greatly to distend the disc. 

5. I reserve for future inquiry also the opinion held by Sir I. Newton, that the 
different homogeneous rays are acted upon by bodies at different distances, this action 
extending furthest over the least refrangible rays. He inferred this from the greater 
breadth of the fringes in those rays. 

It is in my apprehension, though I once held a different opinion*, not impossible 
to account for the difference of the breadth of the fringes by the different flexibility 
of the rays; and the reasoning in one of the foregoing propositions shows how this 
inquiry may be conducted. But one thing is certain, and probably Sir I. Newton 
had made the experiment and grounded his opinion upon the result. If you place a 
screen, with a narrow slit in the prismatic spectrum’s rays, parallel to the rectilinear 
sides, and then place a second prism at right angles to the first and between the 
screen and the chart, you will see the image of the slit drawn on one side, the violet 
being furthest drawn, the red least drawn; but you will find no difference in the 
breadth of the image cast by the slit. Flexion, however, operates in a different man¬ 
ner, because it acts on rays, which, though of the same flexibility, are at different 
distances from the body. 

6. The internal fringes in the shadow (said by interference) deserve to be ex¬ 
amined much more minutely than they ever have been; and I have made many ex¬ 
periments on these, by which an action of the rays on one another is, I think, suffi¬ 
ciently proved. I shall here content myself with only stating such results as bear on 

* Philosophical Transactions, 1797 . 
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the question of interference affecting my own other experiments. First, I observe 
that when one side of a needle or pin is grooved so as to be partly curvilinear, the 
other side remaining straight, we have internal fringes of the form in fig. 21. 
Secondly. It is not at all necessary the pin or other body forming them should be 
of very small diameter, although it is certain that the breadth of the fringes is 
inversely as the diameter. I have obtained them easily from a body one-quarter or 
one-third of an inch in diameter, but they must be received at a considerable distance 
from the body. Thirdly , and this is very material as to interference at all affecting 
my experiments, although certainly the internal fringes vanish when the rays are 
stopped coming from the opposite side of the object, the external fringes are not in 
the smallest degree affected, unless you stop the light coming on their own side; 
stopping the opposite rays has no effect whatever. Thus, stopping the light on the 
side a (fig. 19), the fringes ff vanish, but not the external fringes c. This at once 
proves there is no interference in forming the external ones. Lastly . I may observe, 
that the law of disposition and polarization in some sort, though with modification, 
affects the internal fringes as well as the external. 

It is a curious fact connected with polarization by inflexion, and which indeed is 
only to be accounted for by that affection of light, that nothing else prevents the rays 
from circulating round bodies exposed to them, at least bodies of moderate diameter. 
If the successive particles of the surface inflected, one particle acting after the other, 
the rays must necessarily come round to the very point of the first flexion. We 
should thus see a candle placed at A (fig. 22) when the eye was placed at B, because 
the rays would be inflected all round; and even in parts of the earth where the sea 
is smooth, nothing but the smalt curvature of the surface could prevent us from 
seeing the sun many hours after light had begun by placing the eye close to the 
ground. This, however, in bodies of a small diameter, must inevitably happen. The 
polarization of the rays alone prevents it, by making it impossible they should be 
more than once inflected on their side which was next the bending body, therefore 
they go on straight to C. But for polarity they must move round the body. 

7. It must not be lightly supposed, that because such inquiries as we have been 
engaged in are on phenomena of a minute description and relate to very small 
distances, therefore they are unimportant. Their results lead to the constitution of 
light, and its motion, and its action, and the relations between light and all bodies. 
I purposely abstain from pursuing the principles which I have ventured to explain 
into their consequences, and reserve for another occasion some more general in¬ 
quiries founded upon what goes before. This course is dictated by the manifest ex¬ 
pediency of first expounding the fundamental principles, and I therefore begin by 
respectfully submitting these to the consideration of the learned in such matters. 

In the meantime, however, I will mention one inference to be drawn from the fore¬ 
going propositions of some interest. 

As it is clear that the disposition varies with the distance, and is inversely as that 
MDCCCJC*. 2 v 
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distance, and aa this forms an inherent and essential property of the light ifodf*wb*t £ 
|t the result 1 Plainly this, that the motion of light is quite uniform after fka» 0 n,aad > 
apparently before also. The flexion produces acceleration hat nflaly for iwilaafoi*. 
if *s is the space through which the ray mo vet after entering tbe sphere of flexion, 
and v the velocity before it enters that sphere; It moves after entering with a velocity 
wV^ 4 ®S, Z being the law of the bending force. Then tills is greater titan w) 

consequently there is an acceleration, though not very great; bat because pm if $ 

is tbe space, t the time, the force of acceleration is jjg X —■jir~ % batjrafej tbows that s 

is as t, else y— j would be impossible; therefore the accelerating force— = 0 , 
and so it is shown there is no acceleration after the ray leaves the sphere Of flexion. 


Description of the Instruments. 

PLATE XU. 

Is the instrument with two plates or edges. A, B, horizontal, D, C vertical; the 
former moved by the screw E, which has also a micrometer for the distances on the 
scale G; the latter, in like manner, moved by F, connected with micrometer and 
scale H. 


PLATE XIII. 

Is the instrument with four surfaces. A D, a d are two parallel plates, moving 
horizontally by a rack and pinion E. Each plate has an edge composed of four sur¬ 
faces ; A, a, a sharp edge or veiy narrow surface; B, b, a flat surface 5 C, ©, a cylindri¬ 
cal surface of large radios of curvature, and so flat; D, d, one of small radios, and so 
very convex: this is represented on the figure by A' B’ C' D' beside the other. Care 
is to be taken that A B CD and oi cd be a perfectly straight line, made up of the 
sharp edge, the plane surface and the tangents to tbe two cylinders. H is a plate 
with a sharp and straight edge, o p, which can be brought by its handle F to come 
opposite to the compound edge abed, when it is desired to try foe fltition by tile 
latter, without another flexion by an opposite compound edge, but only with a flexion 
by a rectilinear simple edge. 


PLATE XIV. 


U the instrument by which is tried tbe experimentvm cruris on fo% 
ffeiyd edge, and also tbe experiments on tbe distance* of * 

dlspoting force. Gis the groove in which tbe uprights H» I, Xfdfltah 
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graduated, P, by which tfaa riffatiro distances ean always be determined of the plates 
A,C sodB. A moves op awl down upon H, B upon 4 aad C open K ? each plate Is 
aswd op and, down by mA and pinion B. The uprights also move along the groove 
6 by rook and pinion E. 


PLATE XV. 

Is tbe instrument for ascertaining more nicely tbe effects of distance on disposi¬ 
tion. A is a plate with graduated edge; it moves vertically on a pivot, and its angle 
with the horizontal line is measured by the quadrant £. A also moves horizontally, 
and its horizontal angle is measured by tbe quadrant K. B is another plate with 
graduated edge, moving in a groove D, by rack and pinion H, and along a graduated 
beam I. F is a fine micrometer, by which the distance of A above B, when A is hori¬ 
zontal, ean always he measured to the greatest nicety by the circle F and the scale G. 

PLATE XVI. 

Is an instrument also for measuring the effect of the distance of the edges upon 
the disposing forces. C C C is a graduated beam, adjusted by the spirit-level, and 
on it moves tbe upright on which a plate A moves by micrometer screw E» so that 
the distance of A from tbe rays that pass along C C C after flexion by a plate fixed 
at one end of tbe beam, can be ascertained by the scale D. I have experimented with 
this, but I did not find it so easy to work by as the other apparatus. C C C is 
brought to an exact level fay screws not noted in the drawing. 
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from which the complete solution would result, so far as known methods extend, in 
the form 




G'“ ) 


or in an expanded form, 

«,=g; +f,g;_, +f,_,p;g;_ s +f,-.f,_,f,g;_ s 
+g: +p:g:_, +f;_,f;g:_, +f;_ j pi_,p:g:_ 3 


+...+c'p: f. +i ...f. 

+...+c"F m F„ +1 ...P; 


+ • 
+ . 


+ Gf + F; , Gi"2,+p^ 1 pl" ! G^ a +p^i 1 Pl- 1 pl" i G:’i 3 +...+t• ( x:1 > L*i,••.p < ; , • 


The last column contains, as is well known, the general solution of the original 
equation deprived of the term G,; and the remaining columns contain the particular 
solution of the original equation. 

3. The investigation the results of which are given in this part, although it actu¬ 
ally succeeds in solving the original equation, will be found to contribute little or 
nothing to the analytical theory as above explained; and this arises from the circum¬ 
stance, that the particular solution, instead of being produced in the separated form 
above written, is produced in an aggregated form, 

G,-4-AG,_,+BG,_,+ .-.; 

and the complementary part of the general solution, instead of being produced as 
above, appears in the form of a sum of the complementary functions above written, 
the constants o', c", &c. being the same in all. But as we shall thus obtain a solution 
with an arbitrary constant, capable of solving the original equation deprived of G„ 
we have it in our power to solve the equation completely by reducing the order of 
the equation in successive Bteps. 

If we take the equation of the first order, 

m,=P,w x _,4-G„ 

and arrive at its solution, not properly by any analytical method, but by giving to x 
the successive values 


x, x—l, x—2 .ro+1, m, m—1, 

and eliminating all values of u, between the first and the last, we have 

*.=P.w»_i + G, 

=P,(P.- 1 «.-,+G._ l )+G. or P,P._ t M,_ J +P,G,_ 1 +G, 

“ P*P*-'(P*-» t< *-*+G,_,)+P#G„_, H- G, or P,P,_,P,- 3 «,_ 3 +P,P,_iG,.,+P,G,- 1 +G, 


* s (P*P#-i..-P*)«._ 1 +(P,..P„ + ,)G B -f-(P # ..P <l+l) G m+ ,+ ...+P,P # .,G # . t 4-P»G,_,+G, 
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which is the solution ordinarily given, though it is arrived at by a process somewhat 
less coarse than the above. 

By applying the same process of successive elimination to the general linear equa¬ 
tion (I.), and carefully observing the law by which the entrance of the factors 
P„ Q„ R,, &c. is governed, it will be found that an exactly similar solution may be 
found in the form 


«,=r[p,...P.(2(p3p-)+c)j, 


or 


// r S=sG, + P jr G^ 1 +8 r (P*P*- 1 )*G^ a +^(P J r-*P*-0-^-3+*«+ gff (P***-Pm+l)*G w + C8 ,, (P iP ...P TO ) *, 
where v denotes the sum of a set of distributive operations V 15 V 2 , V 3 , ... V n „, not of 
a strictly algebraical character, which are capable of being performed only upon fac¬ 
torial expressions containing consecutive values of P„ and which have the following 
significations. V, denotes one operation of this character, signifying that the factor 
P m „, P m is changed into Q m as often as it occurs, any term in which it does not occur 
disappearing, and the sum of the terms thus obtained being the result of the opera¬ 
tion ; so that, for example, 

v,(p,_,p,)=q„ np,_,p,)=o, 

V,(P,- 3 P,_,P.)=Q I - l P,+P x . 8 Q i , V?(P^P,_,P,)=(), 
V 1 (P,-,P,. a P,_ 1 P.)=Q,. a P I . 1 P I +P,.3Q,. 1 P,+P,_ 3 P,_ 8 Q f , V?(P,_ s P,_ a P,_ 1 P,)=2Q,-„Q» 

&c. &c. 

Again, V a denotes another operation of a similar character, signifying that the 
factor P m -,P.„_ ,P m is changed into Il,„ as often as it occurs, the result of the operation 
being as before the sum of the terms; so that, for example, we have 
V a (P,-,P,-,P,)=R„ 

= R,-|Pj-f"Pi-illj) 

^»(1 > «-iP«-A-iPx-i1 > ») = ^i-i1 > «-iPj"F P,-,R,-.P,+P,-<P,-,R„ 
V J (P,. s ...P,)=R # _ s P»- J P,- 1 P,+P,-A- a Px-,P.+P,- t P,-A- 1 P,+P,- s P,- < P,- > R„ 
v;(P,_ 6 ...P,)=2R,_A, &C.&C.; 

V 3 denotes the change in a similar manner of P^-A-A-jP* into S„; 


V,_, denotes the change in a similar manner of P„_ H+a ...P m into W m ; 

and 

V._, denotes the change in a similar manner of P m _„ +1 ...P„ into Z„. 
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It might at first sight be supposed that this process, if successful at all, would give 
the complete complementary solution in the form 

«.=c/(P 1 ..P,)+c/(P,..P.)+.. ; 

but it will be found that in reality this introduces only one arbitrary constant. 

It now remains to place these expressions under a properly algebraic form, and to 
verify the result; and in order to do this we must express the general term i’(P t ...P p+ ,) 
in terms of the factors of the original equation; and afterwards give to p, which in 
the first instance is regarded as a constant, the successive values required for form¬ 
ing the several terms of the solution. 

This may be done as follows:— 


T ... Q, B, S, W, . Z, 

Let P,_ 1 P.“7«P._,P._,P,- r « P,_,P,_A_,P # ~*«•••p,., +> ...p,- tt ’« and p — 






Then it is easily seen that 

^i(P* ,,, Pp+i)“Pj»‘. —Px<* 

V 8 (P,... P p+1 )=P (1 ....P ;)4 . 1 {r ? , + 3-f‘r / , +4 +r,} = P,...P P +t2 pVi r,+n 
and generally 

v (P#**»Pj»+i) = =Pw'.*Pp+i{2' +1 y jr+l +2' +8 r #+l +2' +3 «, +1 +...+2J +1l . J iu? #+1 +2 iB+l , - ,» jr 4 l }. 

To find V* (P # ..P p+l ), it will be convenient to proceed by steps, beginning with a 
small number of terms. 

Thus 


V 1 (P,...P^,) a s(P....P,.0(g.+^ 1 + fM ), V’( P,... P,_ 3 )=P,...P,-,(g,j,- t ) 
^i(P«* >> P.-4) == (P#...P.-4)(9*"t‘9.-i - hj»-j _ h9,_s) ) 2 V|(P r ..P,_ 4 )=P,...P,- 4 (?.(7.-t+y»-»)+?.-i9.-i) 


V|(P....P,_,)—(P.'”P.-s)(9,+?.-i+9x-t-f9 4 .-3+9»- 4 )> 

2 ^!(P*—P*-») = (P.—P.-«)(9 4 -(9»->+9,->-|-9 # _ 4 )+9,_i(9,_,+y # _ 4 )+9,.,9 4 . 4 ) &c.; 


and generally, V,(P,...P p+I ) being P,..JP p+1 (2; +1? , +l ), we have 

— P,...P p+ ,2 p+a (y JM ^ + |y, +1 ). 

Similarly, it will be seen that 

23V,(P,...P p+1 )=P i ..,.p p+1 2J +s |^ H1 2';J(y Ptl 2'; , l y, +1 )), and so on. 
In like manner we shall find 

^v:(P.-P, + ,)=p....p ?+1 2; +l( r. +I 2;- + ;,- + ,) 
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^(P,...P p+ 0=P....P, + ^4r, +1 ^(r f+1 ^r f+ 0), and so on, 

•Pp+l)?P+2w+l(^x+I^p+»® , *+l)> 

^3 Vi(P,..P, +I )=(P,..P p+1 )2J +s „ +1 K +1 2;;L +1 (^ +1 2';:^ + .)) > and so on, 

v x being that term of the series qjrjs^ &c. which corresponds to the operation V TO , as 
q s corresponds to V„ r, to V s , &c. 

V iV a (P,... Pp +I )=P,.. .P p+l 2' +4 (r, +l 2p+^ +1 ), 

V/V TO (P,...P / , +1 ) = P,...Pp + 1 2 / , +TO+ / +I ( 4 + 1 2 / , +fn t , , + i), (t x corresponding to V/), 
vrv.(P,...p, +1 ) S =p....p, +1 ^ + . + ^,^L +l+I (t +I ^;i l r. +1 )),&c. &c. 


Finally, if Nj iP +N^ p +N" p +.. represent a series in which 

n;.,= i, N; p =2; +1? , +1 +2* +s r, +J +.. +2; + ,_.*, 


and generally 


N 


(« + !)_ 


2; + ^ 1 ( 9 , + X- 1 „)+2; +30 . 1 (r, +I Nr2 a , P )+2; +40 _ 1 fe +1 N^, p )+.... 


+ 2 i , +(w _ 1}tf _ 1 (n; #+1 N it _ n+2fP ) + 2p +na _ 1 (z ;r4 . 1 N^_„ 4 . 1>p ); 
then, if this series be called N, p , we shall find that g r (P # ...P p+1 )=::(P,...Pp +1 )N X| p. 

It may be here observed that the number of the terms of the series N^p+N" p +.. 
cannot exceed |(j —/>)+1 when x—p is even, and ~(,r—p+1) when r—p is odd; and 

since p has the successive values 2, a— 3, &c., it is always known whether x—p be 
odd or even. The number of terms may be less; for if Q, be zero, the number of 

terms would be the next whole number above — (j*—/>), &o. 

That the equation 

— C(P„. • Pp + l)Nj. tJ) 

is a complementary solution of the original equation, or in other words, a solution of 
the original equation wanting the term G„ may be directly verified; for we have 
u t - P,a,_!=c(P,.. P p+1 ) (N„, p - N,. J( ,) 

= c(P 4 ..Pp+i)AN,.| (}p . 


Now AN'_, 

•a 

II 

o 

an:., 

,p=y.+^+*,+ ..+*„ 

an:., 


and generally 


ANr.: , |) =9JN^ I .,+rX*i,.p+*Xl 


-i i,p9 


whence 

and 


9#N,_ 1>p +r,^,_ 8iP -4-i J .N # _4 jP +.. -i*u),N # _„ + | iP -}-»,N r _ lliP , 

w+l 


P.**.-1 = Q.W.-S+R»W«-a+S # M,_4 + ••+W,U ( 

MDCCCL. 2 M 
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In this part of the solution, I apprehend that it will not generally be necessary to 
have regard to the lower limits, since p may have any constant value, and that value 
may be taken which is most convenient in each case; and if we make p— —oc, all 
the lower limits will have this value. 

This part of the solution would then be 

«,=dP,....P,{l+A.+B,+C,+..}, 

where 

A,=2g, + ,+ 2r, + ,+2i, + ,+..+2tc x+ ,+2x, + ,; 


and generally each term of the part within the brackets is formed from the preceding 
term thus: first change x into x—\, multiply by y,+„ and effect a summation; then 
change (in such preceding term) x into x—2, multiply by r,+„and effect a summation; 
and so on until lastly we change x into x— n+1, multiply by *,+„ and effect a sum¬ 
mation ; and the sum of the parts thus obtained is the next term. 

The verification of the particular solution is easily derived from the above; but it 
rests on the assumption that the algebraic value above given for i'(P,..P, +1 ) is correct; 
to which therefore particular attention is directed. 

The equation 

n,=cs'(P,..P p+1 ), 

considered as a solution of the original equation wanting the term G,, implies that 
.«(P,..P, +1 )=P/(P I - 1 ..Pp + .)+Q/(P,- a -.Pp +1 )+R/(P J -»-P, + .)+-+Z/(Px-...P, + ,)- 
Now in order to verify the particular solution, 


a,=G # +P i G,. l +i'(P # P,_ 1 )G,_ s + 6 '(P,P,_ 1 P,. ! )G x _,+ ..+r(P,..P,., + ,)Gx-p+.. 


it is only requisite that 


t '(Px..Px-, + ,) = PAPx-.-Px-p +1 )+a«'(Px- S ..Px-p + .) + Il/(Px- J ..Px-p..) + - + ZX(Px-...Px 


and this is true, for it is identical in form with the equation last above given, not¬ 
withstanding the occurrence of x in the lowest value of P, for this lowest value re¬ 
mains the same throughout the expression. 

7. If P,=0, the expressions «'(P,...P,_J reduce themselves to those terms which 
do not contain any value of P. It would not be difficult to determine generally 
what terms these are; but probably the most convenient general method of arriving 
at the solution in an algebraical form would be to make P, equal to a constant b, and 
to make b equal to zero in the result finally obtained. 

8. The above particular solution of the original equation is in such a form that the 
general term of the indefinite series representing the solution is given in explicit 
terms; but that general term may be represented in an implicit form, which perhaps 
is more convenient for practical use. 

By attending to the formation of the successive expressions «’(P T ...P.), it will readily 
be seen that the series 

M 0 G JC +MiG x _ 1 +M,G I _,+• •+M„G x . p +. . 
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is a solution of the original equation, if 

M 0 =l, 

M,=P,M 0 , 

M,=P ,-M+QMo, 

M*=P,- a M a +Q,-iM 1 +R*M 0 , 


M p —P*-p+iM p _ l +Q*-p4^M p _ 2 4-R # _ p+3 M p _3-|-..-l-W, r _ p+fl _.,M p _. n+ |-|-Z 4P _p4. n M p _ fl ; 

which last is a general relation determining the coefficient of any term from the 
coefficients of the n preceding terms; or from the coefficients of all the preceding terms 
when the number of these preceding terms is less than ra. This relation is the equa¬ 
tion of formation, and may be regarded as universal, bearing in mind that when p 
is less than n some of the terms of this relation vanish. 

The solution of the original equation is therefore reduced to that of a similar 
equation without second member: and, by what has preceded, this solution is 

M p = s r (P # _ p+1 ....P jr ), 

it being understood that M 0 = 1; and this is the value of M p before given. 

But the value of M p may be found otherwise, thus: 

Make P,-p +l = P p , Q,. p+a =Q;, &c. &c. 

Then the solution is evidently 

M p s=g®(F p ..F l ), 

where the operation v has the same meaning as before, except that it is applied to 
the accented letters. 

Consequently 

Mp= (PJ,.. F,) {1 +A p +B p +C p +..}, 

where 

A p =2 1 y p+l +2 a r p+1 -|-..+2,_ l 55 p+ i, 

Bp 221 2 a (j ^ + 1 A p _,) -|- 2 5 (r p+ ! A p _ 8 )+...+2^, ( z p+ 1 Ap„,+ x ), 
and generally the terms are formed as stated in section 6, using p for x. 

9. I shall conclude this part of the subject with a few simple examples for the pur¬ 
pose of illustrating the processes here given. 

Ex. 1. Let the equation be 

u s ~au M _ l +b*u je ^+G m . 

That part of the solution which is independent of G # , is 


2 M 2 
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and since in the present case P, and Q, are constants, we have 
whence the particular value of u t is a series of terms of the form 

G,+aG # _ I +(a J +6 , )G,_ 1 +(a s +2ai 1 )G^3+(a‘+3a J i s +A‘)G,_ 4 +(« , +4fl*A , +3aA*)G,- J +... 

The difference in character between the solution proposed in this paper, and that 
which would result from a perfect analysis of the general equation, may be exempli¬ 
fied by the present instance. 

The perfect solution of this equation is known to be 



where a and (3 are the roots of fi—at—b 2 = 0, and each 2 introduces a constant. 
Now if the constants be made equal, and the expression be written at length, we 
shall obtain the form derived above. 

The expansion of the two terms within the parenthesis gives 
G,+ 1 +« G, +a’G, _ | -|-..+ a " +1 G p -f-.. 4- ca,‘ 

and 

G, +1 +|3G x -|-(3 s G,. i +..+^ + 'G p +...+c^; 

and if the difference of these be divided by a— /3, we get 


r x“l r?r 
G *+ *-$ G * 


«P+'-0r+« 

G„+..+L a _p. 


which is the same in effect as the result which we have obtained. 

Ex. 2. Let the equation be 

U.=XU x _, 

Then 

«,= C r(x+])[l+«2'^ +aV‘(j± T) 1-^)+..} 
=cr(x-H)|i -a- +a 2 ^ryji—+*•} 

=c|r(*+l)-aTr+^r(*—1)—^T(*—a)+..J; 

which may be put under the form of the definite integral 

u.—cj'^r’-^v’dv. 

If we add a second member G„ the equation for determining M, is 
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whence 

M(*-p+ i)|i +a2f ^ x _ p+1 ^ x _ p ^ +a 2 ^(( J ._ J , + i)(*_^) 2 > (*-j»+i)(*-j>))"*'" *} 
=*...(*-p-H){l+«(jr^-;) 

p+2)(*—/>+l) — (x—l)(x— 2)) ~x(x—p +1 *— 2 )) **} 

from which the series for u, can be expressed. 

Ex. 3. Let the equation be 

u,=au ,_,+*«*-»• 

Then 

« J =ca*[l+^2'(x+l)+^2*((^+))2'- 1 ( ; r+l)) + ...} 

=c|a*+^(x4-l)o*“ , +2!i(®+l)j'(a:—1)(*—2)o" 4 +2^6(x+l)j;...(a;—4)a*-‘+..|. 

Ex. 4. Let the equation be 


Then 

«.=f^r,{i+ i *x(x+ 1)+ J y(*(*+i)2-x(.r+1))+..} 

= r i (i+1)! 1 1) 

+$(l(‘ r + 1 W j; - 1 K* c - 2 )( a; - 3 )^- 4 )+|( x + 1 W J - l )^- 2 H ;r - 3 ))+-}* 

Ex. 5. Let the equation be 

M,=P,U,_, +xP,P,_ 1 u,_ s + G,. 

Here 

_KI' VI" _*(*+!) 0>+ 1 )(j» + *) 

y *—*, i\p- 1, -r-—-r- ) 


_ (* + !)*(*—!)(*—2) (p + 2){p + l) (g+l)# . (p-f4)(/> + 3)(p +2)(p + l) 

n “™ O /< n * — 1" <1 .4 ^ 


vt(.r) _ (* + !)*(*—!)(*—2)(g— 3)(ar—4) (p + 2)(p+l) (a ? + l)g(g—!)(*—2 ) 

“ 2.4.6 “ 2 2.4 

. (F+ 4 )(F+3)tPH-2)(/)+l) (*+l)« (p + *>)(p+5)(p+4)(p+3)(p + 2)(/> + l) 

2.4 ’ 2 ~ 2.4.6 ’ 

w <..+« (*+l)..(*-2m) (p+2)(j>+l) (g + l)..(g-2m+2) (p +4)..(j> + 1) (g+I)..(g-2m+4) 

~ 2.4..(2m+2) 2 * 2.4..2m t* 2.4 ' 2.4..(2m-2) 

, ■ (j>+2m)..(j>+l) (g+l)g-»-(p4-2m+2)..(p+l) 

+,,3: 2.4..2m ' 2 2.4..(*m+2) ’ 
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The particular solution, therefore, is 

«,=G,+P,G,_,+(1 -)-jr)P x P,_iG,-,4-2xP»P,_ 1 P»_jG # _j+(® 1 +i—2)(P,..P,.,)G,.4 
+(3 j- , -5*-2)(P # ..P,_ 4 )G # _»+(x , ~ 11*+6)(P...P,-,)G,_ # +....; 
and the part of the general solution found by this method is 

u s ~ c(Pj.. • P 0 ) ^ 1 “T 2 ' 2.4 ' 2.4.6 


Ex. 6. Let the equation be 


a, Pj/,_,+ fluP JP, 


i i ~ /« 


then the equation for determining M p is 

Mp'pUjP^.p+iMp-pflsPx-,+iP,-,+• P.-,+0^-.™‘0 5 

or making 

P»-p+i == P.) 


M p +a 1 P p M,_ 1 +a 8 P,P p _ 1 M p _ s +..+a n (P p ..P p _, +1 )M,_.=0; 
the solution of which is evidently the solution of 

M p +«iM p _i+a,M p _,+..+a B M p _ ll =0, 


multiplied by (P p ..F,). 

Let (r+« 1 r- , +a/ , - , +..+<0“‘»7=:+iig+—, 


then M p =(P p ..P;){c 1 Aa' +B +c s B/3' ,+ "+..}; 

and taking the parts affected by each constant separately, it will be seen that the 
original equation reduces itself to a set of equations of the first order, 

v, — aP,l’,_,=a" -1 AG,, 
v,— /3P^,_ 1 =^"- | BG„ 


so that its complete solution can be adequately represented. 

Solution of Differential Equations in Series. 

10. I now proceed to point out a method by which the processes above indicated 
may be made to give solutions of certain general forms of linear differential equa¬ 
tions. 

In a paper on Linear Differential Equations presented by me to the Royal Society, 
and which the Society has done me the honour to publish in the Philosophical Trans¬ 
actions (Part I. for 1848, p. 31), I have enunciated, and so far as is material to the 
present purpose, demonstrated the following theorem:— 

That if, in a linear differential expression <P(x, D)«=X and its solution u—\p(x, D)X, 
the letter x be changed into the operative symbol D and D into —x, we shall thus 
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obtain another linear differential expression p(D,—x)n=X, the solution of which will 
be n=*4/(D,—x)X. 

In the application of this theorem, care must be taken that the first-mentioned 
solution is so written that the operations included under the function ^ are not sup¬ 
pressed ; and it must also be borne in mind that the expressions obtained by this in¬ 
terchange of symbols will not in all cases be obviously interpretable. 

For applications of this singular analytical process I beg leave to refer to the me¬ 
moir above cited, where it is employed for the solution, in finite terms, of extensive 
classes of linear differential equations, and equations in finite differences. So far as 
the process is legitimate, it is to be observed that it is founded on reasoning of a 
purely analytical character. It does not in any manner whatever flow from the 
calculus of operations, or depend for its validity upon the soundness of the logical 
basis on which this calculus rests. 

Now it is a remarkable property of this mechanical interchange of symbols, that it 
instantaneously converts a linear equation in finite differences into a linear differen¬ 
tial equation; so that wherever the former is soluble, the latter is soluble also, pro¬ 
vided the result be intelligible, a condition always satisfied when the functions em¬ 
ployed are rational algebraical functions. 

As an instance worthy of notice, let us take the example last above given (Ex. 6.). 
Bearing in mind that u x _ n ~r nV u„ the proposed interchange gives the equation (writing 
<px for P # ), 

u+a l <p(D)(i , u)+a 2 p(D)(p{I)—l)(^u) + ..+a n <p(D)..(p(D—n+\)(e w u)=G; 
whose solution, therefore, depends upon that of 

r-af(D)(ft;)=a"‘ , AG, 

a proposition established by Mr. Boole by the methods of the Calculus of Opera¬ 
tions. 

I propose, therefore, now to employ this theorem of the interchange of symbols for 
the purpose of converting the forms of solution, above given, of equations in finite 
differences into the particular solutions of some general forms of differential equa¬ 
tions ; viz. those equations whose factors do not contain any irrational or transcen¬ 
dental functions of x, or contain them only in the form of series of ascending powers 
of x. 

11, Mr. Bogle, in his General Method in Analysis, has shown that expressions of 
this character may be placed in the form 

/ 0 (D) w +/, (D) (s'u) +f*(D) (pu )+. •=U, 

by changing the independent variable from x to its logarithm and making use of 
the relation, being 

D(D— 1)..(D — u* 
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Making use of this relation, we immediately convert our equation, which we assume 
to be in the form 


</ilw 

+ ....+(u 0 +V+-+^' 1 +fo^+-.)«=G, 
into 

«.(D..(D—»+!))«+ J,((D-l)-(P-.))(.*.)+ o.((D- 2).„(D-»-1))(< 59 «)+...+ i ,((D-,).„(D-.-,.+l))(»+.. 

+«.-,((D-l)-(D-.+l))(. , «)+i.- 1 ((D-2)..(D-. ))(.«.) + ....+t,. 1 ((D-,)..(P-»-,+2))(,r*«) + .. , ^ 

+«.- J ((D-2)-(D-»+l))(* , *»)+- +*.->((»-/>)•■ (D-»-l>+3)K.^«)+.. . 




or 

a l 


Now if in this equation we change D into 6 and 0 into -D, we obtain the equation 
in finite differences (which suppose to be of the rath order), 


or 


b n (fi-n)+a n -. 
0 


~ U 9- l“t 


c n {Q— fl)(0 —n—w) -Mw-i 

W-l) 




(suppose); 

the solution of which, by section 8, is of the form 

where M 0 =], 

M,+^M,=0, 

M 4-— M —0 

s+ /o(«-l) M,+ /o« 


M„+ 


/i( I-m+l) 

/ 0 («-«+l) 


M„_,+ 


/,($-»+2) 

/ 0 (S-m+2) 


M m _, 


/,(0-m+r) 

f 0 {S-m+r) 


M„_ r = 


0. 


Restoring the symbols, and thereby converting H 9 _„ into (/„(D)) _l (i l,, G), which call 
H, we have 

u=M,H+M,(« , H)+Mj(i*H)4--+M b (."'H)+.>., 


where M„ M,... denote a series of operations having the following significations and 
relations;— 

M„=l, 


M,+ 



M,=0, 
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M,+ /!(&-■) M,+ ^§ M,=0 ' 




/a(P-m+2) 

r / 0 (D-m+2) 




. /r(D -m+r) 
^/o(D-m+r) 


M„_ r =0; 


or, by passing «*, i", &c. outside the operations by the equation 

p(D)(i"*H) =«"*p(D+m)H, 

«=M 0 H+i'M I H+**M,H-f-.-+*" , *M, l H-f...».(3.) 


where the general law of relation is 


M i + iyf . /g( P+ 2) .. ^(D+r) „ 

” + /o(» + l) "- ,+ /o(D+2) M "- ,+ ” + /o(D+r) 


Now the expression H, which is the subject of all the operations, contains n arbitrary 
constants, since y o (D) is of the nth order; that is, provided a. is not zero. 

Let (3, (3 2 ...(3, be the roots of f 0 t= 0; then the complete value of H is 

{/,(D))-(^G)+c 1 ^+c^+.. +c/*»; 

of which the first term will give us the particular solution of the original equation, 
and each of the other terms a complementary solution. Bearing in mind the equa¬ 
tion <p(D)(i p> )=ipp.i pe , we see at once that the first complementary solution is 

A/+A^+.. -f ..), 

or 

c 1 ^‘(A 0 -fA,x-f A,*’-!- ..+A m aT+..), 

where A 0 =l, and the law of formation of the coefficients is 

f<,(P,+m)A m +f l (l3 l +m)A m ~ l -\-/,((3 l +m)A m - a + ..+f r ((3 l +m)A m _ r =0; 

and the remaining complementary solutions merely require the substitution of (3 t ...0„ 
successively for (3„ with new constants. 

The reader will not fail to perceive the peculiarity of the series when a, is unity, 
(which value it can always have when it is not zero); for in that case the roots of 
f 9 t=0 are the natural numbers from 0 to n— 1 inclusive, so that the series begin re¬ 
spectively with the terms 1, x, x*, ...x" _1 . 

If a. be zero, that is, if the factor of the highest differential coefficient of u do not 
contain an absolute term, then in order that the transformed equation may take the 
form (2.), it will be necessary to pass s* outside the operative functions in each term, 
and divide by i*. The initial function f 0 t will then be of the form 

and H will be 

(/ 0 (D))-(.<->»G). 

Similarly, if in addition to a. being zero, we have also b H and a,., respectively equal 
to zero, it will be necessary to pass «* outside the operative functions, and divide by 
JMDCCCL. 2 N 
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«*; and so on if other terms of the factors are wanting. Thus we can in all cases 
obtain the transformed equation in the required shape; bnt in all the cases where 
coefficients thus vanish, there is the important qualification that /</ is no longer 
necessarily of the nth order; so that H does not necessarily contain the proper 
number of arbitrary constants. The consequences of this consideration will be after¬ 
wards developed; in the meantime we proceed to consider what modifications the 
series undergo where f$t has two or more equal roots. 

12. If there should be two roots off,t *0 equal to /3„ one series will be deficient; 
and it will be supplied as follows. The expression H, or (/,(D)) -I («"*G), contains in 
that case a term of the form ; and it is easily seen that 

f(D)(«0=#p(D)(0+^(D)(0. 

The wanting series is, therefore, 

i,a*{logx(l + A,x+A t i- s + ..)+(A>+A^-f..)}, 

where 

x —b, c 

A '~ rf(8, &C ' 

If there should be three roots of/ 0 <=0 equal to(3„ two series will be deficient, one 
of which will be supplied as last mentioned; and the other by the introduction of the 
series 

J*E*{(logx)’(l +A,x+A r r i +..)+2 log x(A',x+A^^..)+(A>+A> 4 +..)}, 
d 2 A 

where AJss-gp-i &c.; for we have a term fc,dV ,s ; and it is easily seen that 

And generally since, where there arep+1 equal roots f3„ we have terms 
and since 

p(D)(W')=pp(D)fi , +pp- , ?'(D)i*'+p £ ^p-y(Dy‘ , +...; 

the deficient series will be supplied by the following, taken with a different constant 
for every value of p from unity upwards: 

^[(log^l+A,x+A J x*+..)+j»(log x)'-‘(A>+A^+..) 

+/^i^0°g- r )”" , (A>+A> , +..)4-..+plogx(A ( ,’” l) x+A. p_ V+..)+(A ( 1 ' ) x+A < 1 fi x , +..) 

As a matter of convenience, when the equal roots are zero, a temporary nominal 
value should be given to them for the purpose of differentiating A„ &c. 

13. Hitherto we have attended especially to the complementary solutions, or in 
other words, regarded G as zero. The operations, however, indicated in (3.) may be 
readily performed when G is a rational function of *; which we win suppose to be 
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cleared of fractions, and so cleared to consist of a set of terms ayr*. Then for this 
term (/o(D))-^G)r=«,(/ 0 (D))- , « ! ' + ^=*,(/ 0 (n+p))-V* + ' ) ‘; 

and we have, as before, 

m=*/" + ^(B 0 +B 1 x+B 2 x 2 +..+Byr"*+..), 
where B 0 =I, and the law of formation is 

,/«(»+/ > +»)B»+/i(»+/»+ ot )B.-i+/X«+?+»)B, 1 _,+...=0; 

and the whole solution is found by taking all the values of p. This will undergo a 
slight alteration, as the incipient term will be of the form/ 0 (D)(« ( " _ ' ) 'G), where r factors 
of (2.) vanish by reason of some of the constant coefficients a u , &c. being zero. 

In like manner it would be easy to represent the series if G contained log x and 
its powers; but for most other forms it would be necessary to expand G in order 
to represent the series explicitly. The solution however is theoretically complete, 
since it consists solely in the performance of operations which are known explicit 
functions of D. 

14. Before proceeding further with the main subject, I shall illustrate this process 
by a few examples. 

Ex. 1. Let the equation be 

(l +b 2 x+c J x‘ l )^ t +(a 1 +b 1 x) ^+a„u=G. 

Referring to (2.), we have 

/oD=D(D— 1), /!D=6 2 (D-1 )(D - 2)+«,(D-1), 

/ 2 (D)=c 2 (D-2)(D-3)+6,(D " 2 ) +o»! 

roots of f 0 t =0 are 0 and 1. 

First complementary series, 

c 1 (A 0 +A,x+A 2 r 2 +..+A.a J "+..) ) 

where 

A 0 =l,andm(m-l)A m +(6 2 (m-l)(m-2)+aj(OT-l))A._ 1 +(c 2 (OT-2)(m-3)+6 1 (»i—2)+n»)A ll ,- 
is the law of formation. 

Second complementary series, 

c 2 x(A 0 +A 1 ^+A 2 jr 2 +..+A«x*+..),, 

where 

A<,=l,and (m+l)mA*+(i 2 (m)(m— l)+a 1 m)A,_ l +(c 2 (m— l)(m—2)+t,(m— l)+ff 0 )A»_,=0 
is the law of formation. 

Particular solution, 

«=^ 0 (D)H+^,(D)H+.^ 2 (D)H+..+^(D)H+.., 

where 

H= (i)" ,G >^ D ) ==1 * and /o(D+^«(D)+/ 1 (D+m)^_ 1) (D)+/ 2 (D+m)^.,(D)=0 

is the law of the formation of the operative functions. 

2 n 2 
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The three lairs of formation, which are here written down at length, are in sab- 
stance the same; for from the last the others are made by merely writing the roots 
successively in lieu of D in the factors. 

Ex. 2. Let the equation be 

dhi .At 

(a^+ya? 4 ) +(x+px , +fya*) s +(f»a;-n’-|-(4y+r)af)u=G. 


Referring to (2.), we have in the first instance, 

((D—2)’—2)(i*i»)+(y(D—AjD-Hf+r^KssG, 

whence 

(D 1 —n , )n+pD(i*«)+(?D , -J-r)(i , *tt)=r*G; 
roots of/,t=0 are n and —n. 

First complementary series, 

<? i'®*(A () +A l x+A r r , +.. + A„a:'*+ 

where 

A,= l, and ((n+m) , -w‘)A„+/>(n+m)A w _ ] +(y(n+>n) , +r)A,._,:=0 
is the law of formation. 

Second complementary series, 

^“"(Aj+AiX-f-A^r* +.. +A„x"+..), 
where the law is, as before, changing the sign of n. 

Particular solution, 

«=^(D)H+^ l (D)H+..+^(D)H+.., 

where 

H=(D»-n*)-(r-G),^(D) = l, 
and 

((D+m)*-«‘)^(D)4-^(D+» l )^. 1 (D)+( 9 (D+m)*+r)^_,(D)=0 


is the law of the formation of the operative functions. 
Ifp=0, y=0, and r=l, so that the equation becomes 


the law is 
whence 


** ^ +*£ +(**—«>=<>, 


A*— 




u—c,a*|l— j (1 +n)-'x , + ^ (1 +»)-'(2+nj-'ar 4 - (1 +*)- , (9+*)- i (8+«)~^+.. 

+c t x-|l-j(l- n )-V+i § (i-„)-(2-n)-V- i ^ T5 (l-n)-‘(2-»r(3-n)-*a*+.. 
Ex. 8. Let the equation be 


- d*u , «. d*u t du n 

^ da* + 3 ^ 2? +qxTuszQ. 
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Referring to (2.), ire hare 

D a u+yi ,- u=G; 

/o(D)=D»; three roots equal to zero; 

A(D)=9i 

n t*A„+yA„_.=0, law of formation. 

Hence the complementary series are, 

a=c,|l—••••} 

+c t {log*(l-$^+$^*>-- *“+-) 

+ 3 (»^(i + ' X ’"+ G + ^ + i)5 (2n)®{3»?' rS * 4 ' • •)} 

+C,{(i0ga:)*(l-| i ^+| 5 ^^-J ( ^^x*-+..) 

+ 6 log' 1 ' (n^— (n + 2 ^)^(^fs^+(- + 2 » + j^) ^ ( 2 ^ (3^» x> ’+ ••) 



/2 ■ 2 I 2 , 3 , 3 3 \q g g 

V? " r (2n)» * r (3n)* _r n(2n) T n (3») t* (2n)(3nyn 1 (2») s (3n) 8 



and the particular solution is 

u=H — yx"(D+n)" s H+y»x , "(D+n)- , (D+2n)- s H-..., 

H being D _, (s !, *G). 

15. The completeness of the preceding forms of solution depends, as above inti¬ 
mated, upon the circumstance that the function ,/ 0 (D) is of an order not lower than 
the order of the original equation. It may however be of a lower order, as would 
take place in the first of the examples above given, if Oj instead of being 1 were zero 
and b 2 were also zero. 

Let the equation then be (Ex. 4.), 

c x* Jj+(1 +b l x)^+a 0 u=G. 


Referring to (2.), we have, in the first instance, 

(D— 1 ) (i*«)+(c 2 (D — 2) (D—3)+6i(D—2)+«o)(*"***) — G> 
or 

Dtt+(c 2 (D— 1)(D—2)+6 l (D— 1) +<*o) (****)=* - *G; 
so that / 0 (D) is of the first order, and the root is zero. 
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The only complementary function to be obtained is therefore 

MSEC^l -OoX+i «o( 4 i Oo^i+«o)( 1 - 2 «a+ 2i i+«#)** 

+25^4 a o (^1+'®o) (1 * 2c 2+■ 2 ^i ( 2 . 3 %+ +Oo).r*--. • • }> 

a series which is divergent, but which, as will also be seen afterwards, is finite when 
the constant coefficients are connected by the formula (p— 1 )pc 2 + J pfc 1 +a 0 =0, p being 
any positive integer. 

Further, it may happen that the series obtained by the process, even when they 
afford a complete solution in respect of the number of constants, are divergent for all 
or for some values of x. This may evidently be the case in the solution of the second 
of the examples above given; for the law of the coefficients, as we advance in the 
series, approximates to 

In these cases, other solutions in series may be obtained by resolving the equation 
in finite differences in a series of terms of the form H t+p instead of H,_,. In order 
to effect this, all that is necessary is to write 6+r for 6, (r being the order of the 
equation in finite differences), and to divide by the factor of the last term instead of 
the factor of the first term; or in other words, we must pass «*• outside the functions 
in (2.), and multiply by s - *; so that this equation now assumes the form 

./r(D)« +f r - , (D) (s -, a) +/-*(D) (*-*«)+••• “ ; 

and the equation in finite differences is 

f r (6)u t -\~fr- |(d)w 4+1 "4/r- »(^) ... = G,+,-r 

We have now to inquire for the roots of f,t=0 ; the incipient term is ( i £(D))“‘(i <, "'"*G), 
which call H,; and the particular solution will be found to be 

«=4-.(D)H,+rV.(D)H 1 +«-^(D)H 1 +..+r*-^(D)H,+..., 

where 

^.(D)= 1, and/ r (D-m)^(D)+/,-,(D-»«)^- 1 (D)+...=0 

is the law of the formation of the operative functions. 

The substitution of the roots of 'fjL successively for D gives the law of formation of 
the complementary series. 

Taking the last example, the transformed equation now becomes 
(c,D (D — 1)+6, D+a„)u+ (D +1) (»-*«) s « - *G. 

Let the roots of/,/ or %/(/-l)+i,/+a,=0, be ft and ft. 

The first complementary series is 

c l ^(A,+A l ar- I +..+A^t— 
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where A,=l, and/ r (/3, - m) A„+(0,—m+1 )A,_, *=0 is the law of formation; the series 
then are 




+c,{ similar function of 0,. 

which is, (since/Xp,—»)=w(n+l)c,—2«0,—n&,), 




c,j* 


ft. 


ft. 


_,A-t _l__El*_—__ 

2c s - -2/3,—6, ^2c # -2ft,-A, 2.3c,-4ft,-2A, 


A_ 


A-L 


ArL 

-4 


jA- 


’2c t —2/3,—A, 2.3c 4 —4ft,—2A, 3.4c # -6ft,-3A,‘ 


■A-»_ 


-} 


+c # { similar function of /3 a .. .}. 

When fa or /3 2 is a positive integer, one of these series is terminable; and if both 
are positive integers, the series derived from the smaller root is terminable, and the 
other gives no result, the coefficients becoming infinite. The first of the series will 
then be found to give the same result as that produced from the divergent series 
(which is evidently terminable in form in the case indicated), except that it begins at 
the other end. In this case the other complementary solution can be found in finite 
terms by reducing the order of the equation. 

The particular solution is 


u— H 1 -j-y (D _ 1 ) H I +jr*^ D _ 1 )y. (D _ 2 ) H,-..., 


H, being (/(D))-'(«-«G). 

Let us now return to example 2, the solution of which, as above found, is in 6ome 
cases divergent. 

The transformed equation now becomes 


( ? (D+2)2+r)M+p(D+2)(r»u)+((D+2)*-r2)( 8 --M)=r«G. 
Roots offrtsssO are ~2i^/which call /3j and 0 2 . 


First complementary series, 

c i^‘(A«+^+^+••+£?+• •)> 

where 


A,= l, and (y(/3 1 -m+2)*+r)A m +p(/3 1 -m+2)A._ 1 +((/3 1 -m+2)*-r*)A w _,=0, 

is the law of formation; and the second complementary series is the same, using the 
other root with a different constant. 

In like manner the particular solution is easily represented. 

16. We are now in a position to discuss the character of the various series obtained 
by this process with reference to their convergency or divergency, a subject of the 
highest importance to the value of the process. The investigations which follow, 
will, it is apprehended, be found to afford a complete test of the nature of the series. 
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In general, it will of course be understood that these researches, as to convergency 
and divergency, relate only to the complementary series, or in other words, to equa¬ 
tions deprived of their second member; nevertheless they will to a great extent, if 
not throughout, apply to cases in which the second member is in the form of integer 
powers of x or of log x. 

1st. When in the set of functions 

/.(D), /(D), /(D),.../_,(D), /(D), 

the function/(D) is of a higher dimension with regard to D than any other of the 
set, or is what we shall here call the dominant function, the solution of the equation 
can always be found in a convergent series of ascending powers of x ; and if in such 
a case we solve the equation in a series of descending powers of x, which we can do 
if we please, that series is certainly divergent. 

This is immediately apparent from the consideration of the law of the coefficients 

/(/3.+m)A.+/ 1 (/3 1 +m)A,_ 1 +.. .+/(£, +m)A,_ r =0; 


which, as m increases without limit, approaches to the form 


or wiA*=—..... 


assuming that all the functions are only one degree lower than A„, which is the least 
favourable case for convergency. Therefore, if the largest of the terms of the right- 
band ‘side of this equation be A m _ p , we have 


and we can therefore arrive at a point in the series at which the ratio of the coeffi¬ 
cient of x” to that of oT~ r diminishes without limit. 

It will also be observed that the series introduced by two or more equal roots are 
of the same character as the original series from which they are derived ; for, A„ being 

of the form p(/3,-f m), we have » and when A„_, is of a higher order with re¬ 

ference to m than A m , is also of a higher order than and so for the other dif¬ 
ferential coefficients. 

We have now merely to inquire what must be the form of the original equation 
that/ 0 (D) may be the dominant function. Referring to (2.), we see that it is neces¬ 
sary that the factor of the highest differential coefficient of u should contain one term 
only. If this factor be 1 or x, no restriction need be imposed on the succeeding 
factors. If it be x 2 , the factor of the next lower differential coefficient must not 

contain an absolute term; and generally, if x* be the factor of the factor of 

must begin with a term not lower than af-', that of with a term not lower than 
x p ~ t , and so on. 
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Itt short, all equations where x does not enter into the factor of jjp and all equa¬ 
tions of the form 

xP ^+(k n x p ~ l +l*x p +.*) fez=T+(h n x p ~*+.*.) +....=0, 


where p is a positive integer, are soluble in convergent series of ascending powers of x. 
The third example above given is an instance of this form. ♦ 

2ndly. When in the set of functions 

/(D), /-.(D), .../(D), /(D), 

the function/(D) is the dominant function, the solution of the equation can always 
be found in a convergent series of descending powers of x ; and if in such a case we 
solve the equation in a series of ascending powers of x, that series is certainly diver- 
gent. 

This is apparent, as before, from the consideration of the law of the coefficients, 

-^)A l *4/-l(/3 l ~»OAm- 1 +’««4/(0i~ m )A w _r :::= O, 

which, as m increases without limit, approaches to 

wiA m =A w . 1 A m . I ~^ l A w «,+... 


in the least favourable case for convergency. 

On proceeding to inquire what must be the form of the original equation, we see 
again that it is necessary that the factor of the highest differential coefficient of u 
should contain one term only. If this be x p , then the other restrictions are, that the 
factor of the next differential coefficient must stop at a*” 1 , that of the next at 
and so on. 

In short, for all integer values of p the equation 


d n u _ //»-1 d n ~~*u 


is soluble in a convergent series of descending powers of x. The 4th example above 
given is an instance of this form. 

3rdly. When in the set of functions 

/.(D), /.(D), .../-,(D), /(D), 

the functions /.(D) and/(D) are of the same dimensions, and are both dominant 
over all the other functions, the solution of the equation can be found in a series of 
ascending powers of x, which for some values of x is convergent, and for other values 
of x is divergent; and the solution can also be found in a series of descending powers 
of x which is divergent for all values of x for which the other series is convergent, 
and convergent for all values of x for which the other series is divergent. 

For in the ascending series the law of the coefficients approaches the form, (the 
mdcccl. 2 o 
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coefficient of the highest power of m in f,m being 1 , and that in/m being l»,) 

—4A«-« 


and in the descending series the law approaches to 

4A B =±A M _ r . 


The former series is therefore convergent for all values of x numerically less than 


and divergent for all values of x numerically greater than this limit 5 and the 

latter series is divergent for all values of x numerically greater than this quantity, 
and divergent for all values of x numerically less. 

The equations to which this rule is applicable are of the forms, ( p' being less 
than p,) 


(x fl '+l,x p ) (A' ^^+(g„- r x'-‘+..+h n -rZ p ~ t )j^+---=0, 


and 

jjNta d n ~^u d n ~"^u 

(a.+l*c r ) ^+(an-i+bn-iX+..+k n _. l r>-') +(a„_ 2 +. .+h n _ r T*-') gszrf ...=0. 


The second example above given is an instance of the first of these forms. 

4thly. When in the set of functions 

/.(D), /(D),.../_,(D), /(D), 

one or more of the intermediate functions is or are of the same order as the extreme 
functions/(D) and /(D), or as the highest of these two when they differ in dimen¬ 
sions, the series obtained by the above processes will be divergent for some values of 
x, and we have not as yet any method of deriving a convergent series corresponding 
to these values; and if one or more of the intermediate functions be of a higher 
dimension than the extreme functions, the series obtained by the above processes will 
certainly be divergent. 

These remaining cases therefore sever into two species; first, where some of the 
intermediate functions are of the same order as the highest of the extreme functipns; 
secondly, where one or more of the intermediate functions are dominant. 

The first of these species includes equations of the two following forms:— 

finmi ■“ la, 

(a^+&^ +, +..+Cr' > ) ^rr+(a.-i^‘‘+i,-.^+..)5^+"+(a«^''"*+-->=0» 
in which there can be no function higher than/(D); and 

> d^U d*~*u 

{a»+bnX+-.+l^) ■ 3 ~;+(u n _ l +b a _ l x+..+k n _ t x’-') %£77+...=:0, 

in which there can be no function higher than/(D). 

In these cases it will easily be seen that the law of the coefficients of the ascending 
series, as m increases without limit, approximates to 

"4* b» A „_i+. A m-p—0, 
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and - the series therefore approaches without limit to a recurring series, in which the 
constants of relation ate 



and the denominator of the rational fraction, to which the residue of the series ap¬ 
proaches, is 

£(«»+£«*+.•+4*'’)- 

In the descending series, the law of the coefficients approximates to 

4.A*+&„A m _ 1 + ..+0«A m _ J ,=O, 

and the series approaches without limit to a recurring series, in which the constants 
of relation are 

*«i i 

4 ** ln* p ' 

and the denominator of the rational fraction, to which the residue of the series ap¬ 
proaches, is 

(a»+b*x+ 

When/ 0 (D) is higher than/ r (D), the ascending series alone can be used; when^.(D) 
is higher than / 0 (D), the descending series alone can be used; and when / 0 (D) and 
/ r (D) are of the same dimension, either may be used; and the approximations above 
referred to render it probable that these series, notwithstanding that they may be 
divergent, are the developments of continuous algebraical expressions. 

The second of the species above referred to includes all equations which are ex¬ 
cluded from the preceding forms; that is, all forms which transgress both the restric¬ 
tions to which the equation in the third case is subjected. 

Of these forms, the solutions, whether obtained in ascending or in descending series, 
are always divergent; and the divergency appears to be of an extreme and unmanage¬ 
able character. In this case we have an intermediate dominant function; and the 
convergent solutions might, from considerations of analogy, be presumed to be series 
infinite in both directions, the roots of the dominant function determining the inci¬ 
pient terms. 

The treatment of these forms requires the solution of the equation in finite dif¬ 
ferences 

••+RX +s +QX+»+P>, +1 +«,+P,«,_i+Q,w,_ s +R,w,_,+..=G i , 

not starting from either of the two extreme terms, as is done above, but from the 
term u„ so as to get a result in the form 

«.= * • +M_,G, +1 +M_ l G, +1 +M 0 G t +M,G # _ l +M,G,_,+.. 

It would probably not be difficult to show that such a solution exists; but I have 
not found one in a form available for the purpose to which it is desired to be applied. 

2 o 2 
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' 17. Throughout the preceding investigations, the series obtained by the processes 
here displayed undergo a modification of form in the event of the expression fjt or 
fjt, as the case may be, having one or more sets of imaginary roots. 

Let there be a couple of such roots of the form T. In the ascending 

series these roots give 

c r x* -?v ~ i (B (l +B 1 3'+B»r > 4- • •+B„x"+..), 

where 

— l)A.+/.(«+m+^ >/ C r i)A-,+ -••=0 

and 

/.(«4 m—0-y/—"i )B.+/,(«+m-^/-l)B._ 1 +... =0 
are the respective laws of formation. 

It is apparent, therefore, that if A* be of the form <p(u+(iy/~l), B„ is of the form 

Making c,=c„ and remembering that 

a^ v ~‘+x~ p ' c ’ 1 =2 cos (|3 log x) 
x f ' / ~ i —x~ fi ' rr, =2\/ — 1 sin (/3 log x), 
the sum of the two series gives the double series, 

2c,**(cos (/3 log x) {A, 4B„4 (A,+B,)x+ .. + (A m +BJx"+..} 

+x/~l8in01ogx){A.-B,+(A,-B,)*+..+(A m -BJx-+..}); 
which is necessarily real, since A„4-B m is purely real, and A m — B„ is purely imaginary. 

Making now c,=—c„ the sum of the two series gives another double series, (making 
c,=— k*J — 1,) 

2kx*(*y^T cos (0 log *) {A,- B 0 4 (A, - B,).r 4 • • 4 (A*,—B„)a*+..} 

+ sin031ogar){A,+B o +(A,+B 1 )a-+..+(A m +B m )^+..}), 
which is likewise real. 

The descending series may be treated in a similar manner. 

18. Most of the examples to which the preceding processes are applied have been 
taken from the paper in the Philosophical Transactions for 1844, in which Mr. Boole 
developed his new General Method in Analysis, with which the subject matter of the 
present paper is closely connected, though the methods exhibited are distinct; unless 
indeed it should prove, that the interchange of the symbol of operation and the inde¬ 
pendent variable, and the general relation exhibited by Mr. Boole's fundamental 
theorem of development connecting any system of linear differential equations with 
a corresponding system of equations in finite differences, are merely different repre¬ 
sentations of a part of some more general method or process. 

The principal difference in results, so far as concerns the solution in series of linear 
differential equations, appears to be, that in this paper the. law of relation of the 
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coefficients of each series is distinct, and substantially the same in form for all; and 
that it is not necessary to have recourse to the method of parameters in the cases of 
equal roots, or in the case of there being a term G on the right-hand side of the 
equation. In the case of imaginary roots, the laws of the series are in the first instance 
distinct from each other, and afterwards combined in couples. 

19. The investigations contained in the latter part of this paper reduce the problem 
of the integration in finite terms of the general linear differential equation with 
rational coefficients, to the finding of an algebraical expression representing the deve¬ 
lopment 

A 0 +A, x+AJ +• — + A m x m +.. 
where A 0 = 1, and the law of relation is 

yo w A OT +/ l wA IB ^ 1 -f-/ 2 wiA m _ 2 +.. +/ r mA ro _ r ==0; 

the functions being known specific functions. The series to be summed 

closely resembles a recurring series; it differs from it in this particular, that the law 
of relation, instead of being constant, has a uniform and simple variation as it pro¬ 
gresses along the series. If the rational coefficients should be themselves infinite 
series, the process still applies, the only difference being that each term would be 
formed from all the preceding terms, instead of being formed from the r immediately 
preceding tefms, or from all the preceding terms when the number of them is less 
than r. 

In those cases in which the equation is soluble in finite terms by known methods, 
we are enabled to assign the algebraical expression for the series; a result which may 
be used for the discovery of generating functions. 

Thus, taking the general equation of the first order, 

(aj+^x+tvr* +.. ^ +(ff 0 +M+^+ •• 

we see that 

S ”a l +A,*+. £ * lto =A 0 +A l a'+A 2 i s H-..+A t „x"+.... 

where A e =l, and the general law of the series is 

a t mA m +{b t (m- l)+a,)A - _ 1 +(c 1 (»i-2)+6„)A w _,+ —(A(TO-n)+*.)A.-.=0. 

If we take the general equation of the second order, 4 

(«*+te+~ +4*") £3 +(M- M+ •• +*1*"'') % + («.+6^+ •• +M"“>=0, 

the law of the series will be 

ajn(m— I )A„-j-(*j( m “ l)(m—2)+a,(m— l))A„_,+(c,(m—2)(m—3)+6,(m- 2)+Oo)A._ t + • 
+(4(m-n)(m-n-1)+ft,(m-n) +A,)A._,=0; 
and generally, in equations of the nth order, the law of relation involves the nth 
power of m, the number of the term sought for. ThuB the determination of soluble 
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* 

bases of linear equations resolves itself into' the Inquiry, in what cases can a aeries 
whose scale is of the nth order be resolved into a number of series wboSeseale is of 
the first order. 

*20. I have not thought it necessary here to extend these solutions In series to 
linear partial differential equations. The process by which the extension can be 
made is well known, and has no peculiar relation to the methods here developed. 
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XIV., Electro-Physiological Researches.—Eighth Series. By Signor Carlo Mat- 
teucci. Communicated by W. R. Grove, Esq., F.R.S. 

Received September 10, 1849,—Read January 10, 1850* 


I PROPOSED to myself in my former memoirs * to embrace under some general 
views the phenomena of muscular contraction, of the production of electricity in 
fishes, and of the relation between the electric current and nervous force. I shall 
now endeavour to redeem my pledge, thankful to Providence in being permitted to 
resume my studies, and to seek in them some alleviation of the profound grief occa¬ 
sioned by the recent disasters of my country. 

Previously to giving an account of my recent researches, it will be advisable to 
recall, in a few words, the leading results which may be said to form the summary 
of my former studies on electro-physiology, and which have been the starting-point 
of my later investigations. 

1. A constant development of electricity takes place in all animal tissues, and 
principally in the muscles. All the laws of the muscular current, which have been 
established by a great number of experiments, lead to the conclusion that this de¬ 
velopment of electricity is owing to the chemical actions of nutrition, and particu¬ 
larly to that of muscular fibre on arterial blood. This electro-physiological pheno¬ 
menon is therefore simply dependent on a general physical law: we may compare a 
muscle in which arterial blood circulates, conveying thither the elements of nutrition, 
to a collection of particles of zinc surrounded by acidulated water. The two elec¬ 
tricities separate, and are reunited instantaneously between the molecules of metal 
and of liquid. If we establish a circuit between muscular tissues and the parts 
which communicate with them, which do not suffer the same chemical action on 
the part of the blood, we obtain signs of an electric current the direction of which 
is already determined by the physical conditions of this source of electricity. 

2. In each prism of the electrical organ of fishes, the two electricities are sepa¬ 
rated under the influence of nervous action propagated from the brain towards the 
extremities of the nerves: a relation exists between the direction and the intensity 
of the nervous current, and also between the position and the quantity of the two 
electricities developed in the prism : according to this relation, verified by experiment, 
if we represent (as Ampere did for electro-magnetic action) the nervous current 
by the figure of a man extended on the nerve and looking towards the tail of the 
torpedo, or the dorsal surface of the gymnotus, the positive electricity of the prism 

* PM. Trans. 1847. 
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is found invariably to the left of the man. We may account for the position of the 
poles at the extremities of each prism, and the intensity of the discharge being pro¬ 
portionate with the length of the prisms, by the fact that each prism of the organ is 
a temporary electrical apparatus, as has been proved by numerous experiments. 

3. It is proved by experiments that the strictest analogy exists between the dis¬ 
charge of electrical fishes and muscular contraction; there is not a circumstance 
which modifies one pf these phenomena without acting equally on the other. 

4. The contraction of a muscle developes in the nerve with which it is in contact, 
the cause by means of which the nerve excites contractions in the muscle through 
which it is ramified. Although it has not been possible as yet to decide by experi¬ 
ment whether this phenomenon ought to be considered as a case of nervous induction, 
or as the proof of an electric discharge produced t>y muscular contraction, we are 
compelled by analogy to adopt the latter hypothesis. 

5. The electric current modifies the excitability of the nerve which it traverses, in 
a manner which differs greatly according to its direction: the electric current which 
is propagated in the same direction as the ramification of the nerve, destroys its ex¬ 
citability: the current which is propagated in a direction contrary, to that of the 
ramification of the nerve, increases its sensibility: the phenomena excited by the 
cessation of the electric current which traverses the nerves of the animal, are pro¬ 
duced by the modification which the excitability of the nerve has undergone by the 
passage of the current according to its direction: the voltaic alternatives are ex¬ 
plained by the same cause, which is as follows:—the muscular contractions are 
excited by a current which is made to pass in a contrary direction to that in which 
its action is nullified. 

After having thus briefly recapitulated the fundamental conclusions which I have 
scrupulously drawn from my lengthened researches in electro-physiology, I shall 
begin the exposition of my recent studies on this subject by describing some experi¬ 
ments the application of which I shall give in the sequel. I wished to satisfy myself 
whether the nervous filaments which conduct an electric current into a liquid, are 
capable, like metallic wires, of acting as electrodes and giving rise to the production 
of electro-chemical decomposition. In order to ascertain this point, 1 plunged in a 
solution of iodide of potassium two large nervous filaments taken from living animals, 
each of which was separately attached to the metallic extremities of a pile of fifteen 
couples. I did not obtain the slightest trace of electro-chemical decomposition. I 
concluded from this experiment that terminals formed of nervous filaments can¬ 
not serve to obtain electro-chemical decomposition, which appears to me to demon¬ 
strate that the conductibility of nervous matter is due to the liquid part of the matter 
itself. 

I studied again the relative conductibility of the muscles to that of the nerves: I 
had already discovered that one might estimate the conductibility of the muscle as 
four times greater than that of the nervous substance. I had also found that a 
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hempen thread soaked in water, and a very fresh nervous filament, both being as 
nearly as possible of equal dimensions, presented resistances to the electric current in 
the proportion of 12 to 15. But the main object which I had in view in studying 
the relative conducting power of muscles and nerves, was to ascertain whether, when 
a current was impelled through a mass of muscle, any part of the current might 
have passed through the nervous filaments spread throughout that muscle. For this 
purpose I took a piece of muscle from the thigh of a rabbit, a dog, or a fowl which 
had been dead for sufficient time for muscular irritability to have ceased; I cut this 
mass of muscle with a knife, and introduced into the opening thus made the nerve 
of a highly sensitive galvanoscopic frog; I covered over the nerve and a part of the 
leg, endeavouring to envelope them perfectly in tbe piece of muscle. When the con¬ 
tractions, which often occur in the galvanoscopic frog itself immediately after it has 
been prepared, had ceased, I passed an electric current of from 25 to 30 elements of 
Faraday through the mass of muscle, applying the poles to different parts of its 
surface. In whatever way I varied this experiment, provided I did not touch very 
close to the nerves of the galvanoscopic frog, this frog never entered into con¬ 
traction, although a very powerful electrical current traverses in all directions the 
mass of muscle in which the nerve of the frog was contained. I have remarked 
already that in this experiment a mass of muscle must be employed in which all 
irritability is extinct, because if muscles are made use of which contract on the 
passage of the electric current, the galvanoscopic frog exhibits phenomena of induced 
contraction; we are convinced of this by observing that they cease when the mus¬ 
cular irritability has disappeared. We may therefore conclude from this experiment, 
that when the poles of a pile of 25 or 30 elements are applied to the surface of the 
muscles of a living animal, the phenomena produced by the passage of the current 
must depend either on tbe direct action of the current on the muscular fibre, or on 
the indirect action or influence of the electric current transmitted by tbe muscular 
fibre on its own nervous filaments, or, to express it more clearly, on tbe nervous force 
existing in the§e filaments. 

Convinced of the great importance of this conclusion, I have varied these ex¬ 
periments in order to confirm them in different ways. I have already, in the 
commencement of this memoir, spoken of the difference of excitability produced in 
a nerve by an electric current according to its direction. This electro-physiological 
law is easily demonstrated by an experiment which I have detailed at some length 
in my memoirs*, and which is made by preparing the frog in tbe ordinary manner,— 
cutting it at tbe junction of the two thigh-bones, and then placing it astride between 
two glasses of water with one foot in one glass and one in another. When the two 
poles of the pile are plunged into the liquid (pure water) contained in the two 
glasses, it is obvious that one of the limbs is traversed by the electric current in the 
same direction as tbe ramification of tbe nerve, and the other in a contrary direction. 

* Philosophical Transactions, 1846. 
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Hie experiment consists in this: that after fifteen or twenty minutes of the passage 
of the current, that limb only which is traversed by the inverse current, that is to 
say, in a direction contrary to the ramification of the nerve, contracts at the opening 
of the circuit. 

When the frog is reduced to this state, if the nerve traversed by the inverse cur¬ 
rent is touched by a small portion of muscle, we see the limb instantly contract 
as if the circuit bad been interrupted; and in fact the current ceases to pass through 
the nerve and enters the muscle on account of the greater conductibility of the latter 
substance. 

1 shall cite another experiment of the same kind. Having succeeded in modi¬ 
fying the excitability of the nerve by the passage of the current, as in the expe¬ 
riment just described, we can easily convince ourselves that this modification is 
confined to the exposed or isolated portion of the nerves. For if those portions of 
the nerves in both thighs, which had been previously buried in the muscles, be 
now laid bare, no alteration in their excitability is found to have occurred ; but the 
altered excitability is limited to the pelvic portions of the nerves previously exposed 
and traversed by the current. It is evident that if the nerve, buried among the 
muscles of the thigh, were traversed by the current as its exposed portion above is, 
the modification of the excitability would extend through the whole length of the 
nerve. I repeat, therefore, once again, that when a muscular mass is traversed by 
an electric current, we are compelled to admit that no sensible quantity of that 
current is conducted by the nervous filament belonging to sucli muscle. 

Another subject of research which has greatly interested me, and the exposition 
of which will precede that of the experiments which form the principal subject of 
this memoir, relates to the influence which the integrity of the nervous system exer¬ 
cises on the excitability of the nerves. In other words, supposing that a certain 
contraction is produced in the limb of a frog by the passage of a constant electric 
current through its lumbar nerves, would that contraction remain the same, or would 
it be increased or diminished were the spinal marrow to be cut ? I had read in the 
‘Comptes Rendus’ of the Academy of Paris an experiment by M. Bois Seouard, 
from which one would be led to conclude that the section of the spinal marrow in¬ 
creased the excitability of the lumbar nerve, at least during a certain period of time. 

In order completely to satisfy myself on this point, which I consider as very im¬ 
portant with regard to the theory of nervous functions, I was obliged to operate with 
the greatest possible exactitude, and to measure in every instance the contractions 
excited. In order to this I employed an apparatus invented by M. Brbouet, the de¬ 
scription of which I have given in my fourth memoir*. The results to be obtained 
from this apparatus are as exact as can be desired, provided the operation is carried on 
with sufficient patience, and that the necessary degree of practice has been acquired 
in the use of the machine. As it is necessary, in the first instance, that the current 

* Philosophical Transactions, 1846. 
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should be constant, a Wheatstone’s pile is tbe best adapted for the experiment* As the 
nervous filament by which the current is transmitted must be perfectly free from all 
trace of blood or other animal substance, it must be carefully cleaned, using a pair of 
forceps and lightly wiped with a piece of blotting-paper. It is also requisite that the 
gilded steel needle, which is introduced into the muscle of the thigh as nearly as pos¬ 
sible to the insertion of the nerve, and which serves to complete the circuit, should, 
so far as is practicable, be always inserted in tbe same position in all the experiments. 
Lastly, care must be taken in choosing suitably the weight attached to the limb of 
the frog: if the weight be too small, tbe limb is not brought back to its position 
after contraction; on the other hand, if the weight be too great, the nerve is stretched, 
and tbe indications given by the apparatus are too small. I found that a weight of 
0*600 gr. is the best adapted for the purpose. 

I here give one of a series of experiments, undertaken with the view of resolving 
the question which I had proposed to myself. 

I fasten a living frog to the clamp of the apparatus by passing a thread of silk round 
the thorax under the front claws : I then remove all the viscera of the abdomen, one 
of the limbs, and the muscles, as well as the bones of the pelvis: the frog, thus pre¬ 
pared, retains its natural liveliness for at least twenty or thirty minutes. I proceed 
to pass the direct current through the lumbar nerve, and I obtain contractions mea¬ 
sured by the apparatus at 14°, 12°, 10°, 9°, 8°. I continue the passage of the current 
as short a time as possible, and close the circuits instantly after having opened 
them. The contractions first of all diminish rapidly, and then for a certain time 
they remain the same, if we are careful to leave the circuits closed as short a time 
as possible. When the deviation of the needle points constantly at 8°, I cut the spinal 
marrow of the frog, and pass the current again immediately: I have again the con¬ 
traction 8° as before. I have frequently repeated this same experiment, and invariably 
with the same result. I also found that the duration of the contractions which persist 
the longest does not vary, in consequence of the section of the spinal marrow. It is 
therefore certain that the excitability of the nerve undergoes no immediate change 
after its separation from the nervous centre. 

I then continued my investigations of this subject, conducting my experiments 
in a different manner from that already described, that is, by comparing the con¬ 
traction of the muscular fibre excited by the passage of the electric current in a 
nerve which had been separated for several hours from the nervous centre, to that of 
another similar muscle the nerve of which bad not undergone this operation. 

It is hardly necessary to repeat, that, in order to the success of these experiments, 
Brbguet’s apparatus must be used, employing the precautions already mentioned; 
the most indispensable of which is the careful removal of all traces of blood, &c. from 
the lumbar nerves of frogs submitted to these comparative experiments; they should 
also, as far as possible, be prepared in the same manner, so that their conditions 
should be similar. 
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I took the frogs as they came to hand, from among a considerable number, and 
divided the spinal marrow at about the middle. Twelve hours after this operation I 
began an experiment, preparing at the same time the frogs whose spinal marrow had 
been divided, and others which were intact. 

In order that the comparison should be as perfect as possible, I employed succes¬ 
sively in Breouet’s apparatus for measuring contractions, two frogs, one of which 
had the spine divided, the other entire. In each experiment I operated on four frogs 
in the former, and four in the latter state. I made my experiments with a direct 
current, keeping the circuit closed as short a time as possible, and marking the va¬ 
riations of the needle of the dynamometer after ten or twelve passages of the current, 
because it is then only that the variations become constant; if the passage of the 
current in the same frog is prolonged, the variations gradually diminish; operating 
with a certain degree of dexterity, experiments on eight frogs may be completed in 
less than a quarter of an hour. 

The following are the results of two experiments:— 

Exp. 1. 

Contraction of a frog the spinal marrow of which Contraction of a frog with the spinal marrow 

had been divided 12 hours. entire. 


16 to 14 


O 

14 

18 20 


18 

18 16 


12 

20 


12 

20 


12 

After 18 hours. 

o o 

Exp. 2. 

0 

24 to 22 


8 

22 24 


10 

22 16 


12 

17 16 


12 


According to these results, and others of the same kind, which it is unnecessary to 
give here, it is clearly proved by experiment that the contraction excited in the muscles 
of a frog, of which the spinal marrow has been divided from twelve to eighteen hours, 
is stronger than that which is obtained under the same circumstances from the mus¬ 
cle of a frog immediately after it is killed, without having been previously subjected 
to any alteration in its nervous system. 

An observation which I had occasion to make in ail my experiments, gave me 
some insight into the cause of this singular phenomenon. If a vigorous frog is 
rapidly prepared and subjected to experiment in the dynamometer, the first con- 
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tractions which are obtained are very feeble, particularly if the weight attached to 
the limb, to bring it back to its position after the contractions hare ceased, be ex¬ 
tremely small. If we continue to operate on this same frog, we see the contractions 
become stronger and increase during a certain time. In all cases the muscles of 
frogs killed and prepared rapidly, are stiff, and seized with a kind of tetanic contrac¬ 
tion; while-the muscles are in this state, the contractions which are obtained by 
the passage of the electric current are necessarily less strong than those which are 
developed when these same muscles have ceased to be contracted naturally. 

After having repeated some experiments of this kind with the dynamometer, I soon 
came to the conviction that this was the real cause of the phenomenon under obser¬ 
vation. I shall only give one of these experiments, which proves the truth of this 
explanation. 

I operated on very vigorous frogs, four of which had had the spinal marrow di¬ 
vided twenty-four hours before experiment, and four other similar frogs which were 
intact. 

The following are the numbers found immediately after the preparation:— 


Contraction of the frog of which the spinal marrow 
had been divided for 24 hours. 


Contraction of the frog in the 
natural state. 


30 26 


28 

26 

24 


24 

24 

20 


I left the frogs untouched for forty minutes, and then repeated the experiment: 
the following are the results:— 


10 

8 

8 

8 


22 

20 

16 

16 


The difference of contraction obtained in the two experiments is therefore evidently 
due to the state of the muscles differing in the two cases, according to whether the 
frog was submitted to experiment immediately after death, or whether it had had the 
spinal marrow divided for a long time, and consequently the muscle relaxed for a 
considerable period. The contractions excited by the electric current in a frog im¬ 
mediately after death, are feeble at first, on account of the nearly tetanic condition of 
the muscles; whereas, if left in repose, so as to give time for the muscles to become 
relaxed, the contractions then excited by the current are stronger. The contrary to 
this occurs if the experiment be made on a frog the muscles of which have been 
for some time without contraction, in consequence of the spinal marrow having been 
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divided ; the contractions are very strong at first, but they soon diminish in strength, 
and that rapidly. 

It would therefore be a mistake to conclude that muscular contraction increases 
because the nerve traversed by the electric current has been separated from the ner¬ 
vous centre: we have seen what is the true explanation of the phenomenon, and that 
this conclusion is only apparent. 

On the other band, these experiments prove, as did also those of the preceding 
section, that the excitability of a nerve is not altered by its separation from the ner¬ 
vous centres, or, rather, that the only alteration which it undergoes consists in the 
increased rapidity with which the excitability diminishes under the action of stimu¬ 
lants. Thus, the contraction produced by the passage of an electric current through 
a nerve is sensibly the same, whether this nerve be in communication with the nervous 
centres, or separated from them for several hours, or an instant after the separation 
has been effected: when the action of the current is repeated, its effects diminish 
the more rapidly exactly in proportion to the length of time which has elapsed since 
the separation of the nerve from the nervous centre. 

I think it is scarcely necessary for me to remark, that these conclusions are not 
contrary to those of Muller and Longet ; according to which it was shown that 
when the nerves had been separated from the central mass, for weeks and months, 
the sensibility of these nerves and the irritability of the muscular fibre were diminished. 
M. Longet has given the interpretation of this phenomenon, grounded on experiment. 

In order to complete the first part of this memoir, I now proceed to relate the 
experiments and considerations by which the strict analogy existing between elec¬ 
tricity and nervous force, together with the nature of that analogy, are demonstrated 
in a most satisfactory manner. 

At the beginning of this memoir, referring to my preceding researches in electro¬ 
physiology, I mentioned the law according to which, by the influence of the nervous 
current, a development of electricity takes place in the organ of electrical fishes. 
We shall now consider what may be called the converse of this phenomenon, that is 
to say, the development of nervous force under the influence of the electric current, 
which development is produced exactly according to the same law as that of elec¬ 
tricity by nervous force. This influence of electricity on nervous force is manifested 
in the muscular fibre: we have already observed at the beginning of this memoir 
that the phenomena presented by the organ of electrical fishes, as well as those of the 
muscular fibre, together with the modifications of these phenomena under various 
circumstances, invariably followed the same course, and preserved the strictest ana¬ 
logy with each other, so that what was true with regard to the electrical discharge of 
the torpedo, was equally so with regard to muscular contraction. 

This fact admitted, we proceed to the experiments. 

Expose in a living dog, rabbit or frog, the muscles of the thighs, removing entirely 
the skin and membranes, then transmit through the muscles the electric current 
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from an ordinary pile of from 30 to 40 elements, applying one of the poles to the 
upper, and the other to the lower part of the thigh. If the positive pole is placed 
above and the negative below, the current traverses the muscle in the same direction 
as the ramification of the nerves; the contrary is the case if the position of the poles 
be reversed. 

Experiments of this kind date from the earliest times of galvanism; but the dif¬ 
ficulty in these researches of separating truth from error, that which is constant and 
invariable from that which is merely accidental, and, above all, the still imperfect 
state of electro-physiological science, have hitherto prevented the attainment of any 
positive conclusions. 

In experiments on this subject, great precaution is necessary in order to be certain 
that the electric current does not traverse the nervous filaments of the muscle; this 
certainty is obtained, as we have already seen, by keeping the poles of the electrical 
pile in contact with the surface of the muscle, at the greatest possible distance from 
the nervous filaments which spread through its interior. We must carefully remove 
from the surface of the muscle all traces of blood or other liquids; and I have gene¬ 
rally been in the habit of applying one pole to the upper and the other to the under 
surface of the muscle. 

When the electric current traverses the muscular mass of the thigh of a living 
animal in the same direction as the ramification of the nerves, a very strong con¬ 
traction always takes place, which contraction is excited not only in the muscle di¬ 
rectly traversed by the current, but also in the inferior muscles of the leg and in the 
foot. 

When the electric current traverses the muscular mass in the contrary direction 
to that of the ramification of the nerves, the animal utters loud cries, and gives other 
indications of suffering severe pain, accompanied by contractions much less violent 
than in the preceding case, and which never extend beyond the muscles traversed by 
the current. 

If we were to satisfy ourselves with seeing these experiments once only, or were to 
confine ourselves to a few trials only, we might easily be led to form an erroneous 
conclusion; in fact, at the beginning of the experiment, particularly if a somewhat 
powerful current be employed, there are both cries of pain and contractions at the 
same time; but this soon ceases, particularly if we know how to regulate duly 
the strength of the current. The constant effects which distinguish the action of the 
electric current, according to its direction, in the muscles of living animals, are those 
which I have indicated, namely, pain, when the electric current is what is commonly 
called inverse,—contraction, when the current is direct. 

Now, setting aside all hypothesis, there can be but one way of explaining these phe¬ 
nomena : when there is a contraction, there must necessarily be a current of nervous 
force propagated from the brain towards the extremities of the nerves: when there 
is a sensation of pain, this current must be impelled in a contrary direction, that is, 
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from tbe nervous extremities towards the brain. We must bear in mind that it has 
been demonstrated by direct experiments, that when an electric current is propagated 
in a muscle, this curgeut nwer qpits the muscular,fibre in ordw to ram into the ner¬ 
vous filaments. It is Iherefore f>erfebtty ewdent’that roe phenomena of which we 
have spoken, excited by the passage of the electrical current through a mass of living 
muscle, are exclusively owing to the influence of electrical states propagated in the 
muscles upon the nervous force contained, in, the nerves. To speak with more pre¬ 
cision, we should say thus: it is demonstrated by experiment that an electric current 
transmitted through a living mass of muscle in the same direction as its nervous 
ramification, develops ,4 neryous current which is propagated in the direction of the 
ramification of the nervJ, and wnicb^reluhiee to its ^extremities^ *if lie electric current 
pass in a contrary direction to that of the ramification of the nerve, the nervous cur¬ 
rent which it developes follows the same direction, that is, from the extremity of the 
nerve towards the brain. 

The great importance of the conclusions drawn from these experiments consists in 
this, that they lead to the same law which establishes the analogy between nervous 
force and the electrical discharge of fetes. , , 

We obtain an electrical discharge in fishes, when we produce a nervous current by 
stimulating the nerve which communicates with the organ. In experimenting on 
living animals, we produce a nervous current by the electric discharge which we 
transmit through the muscles. When this discharge is directed through the muscle 
in such a way as that the positive and negative states of electricity are disposed 
relatively to the ramification of the nerves, as in the discharge of electrical fishes, a 
nervous current is produced by the influence of the electric current having the same 
direction in both cases; in the torpedo, the nervous current produces the electrical 
states; in tbe muscular fibre, the nervous current is produced by the influence of the 
electric current. 

Following up the analogy, we are led to expect that when the electric current tra¬ 
verses a muscular mass in a contrary direction to.that of the ramification of tbe 
nerve, it would produce a nervous current in an opposite direction to that which is 
developed by tbe electric current passing along the muscle in the same direction as 
the ramification of the nerves. This is a conclusion the truth of which is clearly 
demonstrated by the phenomena of sensation or of pain, which are produced by the 
passage of the electric current in a contrary direction to that of the ramification of 
the nerves. 

Satisfied to go forward with a slow but sure step in the vast and very obscure 
field of electro-physiological science, I cannot but regard as highly important the 
discovery set forth at the close of this memoir, of tbe strict correlation existing be¬ 
tween tbe electric current and nervous force, 

Pisa, June 1649, 
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Adjudication of the Medals of the Royal Society for the year 1850 by 

the President and Council. 


The Copley Medal to Professor Hansen* for his researches in Physical Astro¬ 
nomy. 

The Royal Medal in the department of Chemistry, to B. C. Brodie, Esq., F.R.S., 
for his “ Investigations on the Chemical Nature of Wax,” published in the Philoso¬ 
phical Transactions for 1848 and 1849. 

There being no paper in the department of Mathematics coming within the terms 
of the award of the Royal Medal, it was awarded to Thomas Graham, Esq., F.R.S., 
for his paper “ On the Motion of Gases,” published in the Philosophical Transactions 
for 1849. 

The Rumford Medal to M. F. J. D. Arago, for his “ Experimental Investigations 
on Polarized Light,” the concluding memoirs on which were communicated to the 
Academy of Sciences of Paris during the last two years. 


The Bakerian Lecture for 1850 was delivered by Michael Faraday, Esq., F.R.S., 
and entitled “ Experimental Researches in Electricity.—Twenty-fourth, Twenty-fifth, 
Twenty-sixth and Twenty-seventh Series. On the magnetic condition of oxygen,” &c. 
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XV. Discussion of Meteorological Observations taken in India, at various heights, 
embracing those at Dodabetta on the Neelgherry Mountains, at 8640 feet above 
the level of the sea. By Lieutenant-Colonel W. H. Sykes, F.R.S. 


Received January 12,—Read March 21, 1850. 

In the year 1835 the Royal Society did me the honour to publish the results of six 
years’ meteorological observations, taken by me on the elevated plateau of the 
Dukhun (Deccan) from 1825 to 1830, both years inclusive; my chief object being to 
illustrate the diurnal oscillations of the barometer as indicative of the periodic tides 
(if they may be so called) of the atmosphere. I showed that in many thousand ob¬ 
servations, taken personally, there was not a solitary instance in which the barometer 
was not higher at 9—10 a.m. than at sunrise; and lower at 4—5 p.m. than at 9—10 
a.m., whatever the state of the weather or the indications of the thermometer or hygro¬ 
meter might be-, nor was there a solitary instance in 1830, during which year only I 
took systematic night observations, and observed at the turning-points every five 
minutes, in which the maximum nocturnal tide was not higher at 9—10 p.m. than at 
4—5 p.m. The 4 —5 a.m. minimum tide was less regularly noticed than the other 
three tides; but nevertheless sufficiently often to render it perfectly clear, that in the 
twenty-four hours there were two minima as well as two maxima of pressure in 
twenty-four hours. I bad the advantage at times of carrying on my observations in 
the six years, at a mean elevation of 1800 feet, simultaneously with observations 
made in Bombay at the level of the sea, and at Mahabuleshwur at 4500 feet above 
the sea. These simultaneous observations for limited periods led me to remark, that 
the amount or range of the diurnal oscillation between the maximum and minimum 
hours did not correspond at the different elevations. At the level of the sea in 
Bombay the range between 9—10 a.m. and 4—5 p.m., appeared generally to be less 
than the range between the same hours in Dukhun (Deccan) at 1800 feet above the 
sea; but at Mahabuleshwur, at 4500 feet, the range was constantly less than in 
Bombay or on the plateau of the Deccan. Not having had further means of pro¬ 
secuting inquiry into the fact, it was with much interest I remarked that the orders 
of the Court of Directors of the East India Company bad been earned out by the 
astronomer at Madras, and meteorological observations taken for a whole year at a 
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greater elevation above the sea-level, that! had ever been attested before in India. 
Observations so made were peculiarly acceptable to me, as they would subject tbe 
accuracy of my own observations to an additional test, and would supply the means 
of investigating the supposed diminished diurnal oscillation of the barometer in rela¬ 
tion to elevation above the sea. At the present time I have the further advantage 
Of being enabled to subject my Deccan observations to the test of comparison with 
recent observations at the Bombay and Madras Observatories, taken chiefly with a 
view to determine the amount of tbe hourly and diurnal changes of the barometer. 
Those for Madras are from the years 1841 to 1845, both inclusive*: for Bombay, I 
am sorry to say, the records which have reached my hands are for more limited periods. 
Dr. Bufst, LL.D., while in temporary charge of the observatory, made observations 
for 1842, 1843 and 1844, but those for 1843 and 1844 only are available to me, and 
Professor Orlrb&r has published observations from April to December 1845. In 
addition to the above, a meteorological register is kept in the office of the Deputy 
Surveyor-General in Calcutta, the instruments since 1 844 being new, and of Nrwmans 
construction; but hourly observations do not appear to have been taken, and three 
out of the five periods of observation, namely, sunrise, noon and sunset, are useless 
for determining the diurnal oscillation of the barometer *, and the barometrical ob 
servations taken before the receipt of the new instruments, which came to hand re¬ 
spectively in 1844 and 1847, were recorded from defective instruments. 


Troughton’s barometer reduced to 32° stood at . . . 20*493 

Colonel Everest’s reduced to 32° stood at. 29*637 

While Newman’s barometer of Sept. 1844 stood at. . . 29*654 

And that of April 1847 at. 29*667 


The height of the cistern above the level of the sea being 18*21 feet. Observations 
are also taken at the Royal Observatory at Oude, and at the Rajah of Travancore’s 
Observatory at Trevandrum; but the records have not reached my hands, nor are 
those of tbe magnetic observatory at Simla available to ine. 

Independently of the diurnal atmospheric tides, the Dodabetta observations afford 
the means of further investigating the debatable question of the influence of elevation 
upon the quantity of rain precipitated; for these observations, contrasted with the 
records from Mahabuleshwur, Mercara in Coorg, and from the numerous stations in 
Travancore furnished by General Cullen (all the localities being under nearly tbe 
same meridian, although differing greatly in latitude), will supply data, which, if they 
do not set the question at rest, will assist to guide the judgement to deductions ap¬ 
proximating to the truth. 

Diurnal Tides .—I shall first notice the observations taken at the greatest elevation. 
The Podabetta observations commenced in February 1847* The locality of the ob¬ 
servatory, which is in latitude 11° 23' 22” N., and longitude approximative^ 76°*47 E. 
of Greenwich, is understood to be the highest point in the range of Ghautis in Western 

Madras, from fim.jream.XS22 to 1837, the baro m etri c records are useless for determining the daily atmo¬ 
spheric tides, the hours of observation being sunrise, —-10 a.m., noon,—2 p.m., and sunset,—10 p.m. was added 
;in some of the latter years. Hourly observations only commenced in 1841. 




U4bi that nun parallel to the s^a-coast km 2£?r~,2fi? ( t° Cape Comflrio* 

This range of mountains rise abruptly atoye/tbeifW^t^vPo^st pf India* and the 
watershed from them is almost entirely tp< the Cm!pmapdel w eastern coast of the 
Peninsula of India., The aqueous vapours,ftpm the<paean jp;e, condensed on these 
mountains, and as Rodahetta is within the inSpenpejflC.bot&Jbe south-west and 
north-east monsoons, it would appear tobe fcvoueedi with iW in every month in 
the year, The observations were taken by an ; assistant ^f the Madras Observatory, 
John De Cruz; and as the instruments bad been seleptedt<by the astronomer, Mr. 
Taylor, and every precaution taken to ensure accuracy .in ?the observations, there is 
every reason to suppose they are worthy of confidences To determine the pressure 
of the atmosphere, observations were taken only t)yice ip the day at the supposed 
hours of maxima and minima; namely, 9l* 40“! i-M^andT^h 40 m p.m„ excepting on tbe 
21st and 22nd of each month, when the observations weiiC taken hourly for twenty* 
four consecutive hours. , # >,' ( m <n :f i 

With inspect to the daily oscillation of the barumeter, the following Tables are 
given, and the records show, that, as in my observ^ous ip the Deccan, there is not at 
this great elevation a single day throughout the udude yfiqr in which the pressure at 
3 h 40 s p.m. is higher than at 9 U 40 8 a.m., and there is but a, solitary instance in which 
the pressure at the two hours is identical. On the Jfith of August the barometer 
is recorded as standing at 21°*9i>2 at 9 b 40* n a.m., and at 21 p *9fi2 at 3 h 40 u ‘ p.m. ; but as 
there is not an approximation to anything similar in the preceding or following days, 
it may be questioned whether this supposed suspension of the atmospheric tide may 
not be a typographical error, that might well be excused in a multitude of figures. 
As these observations taken at such a height are the first of the kind recorded in 
India, I have thought it right to append them in extenso ; at least for pressure and 
temperature, and wet bulb depression*. 

* While this paper is passing through the press, Lieut. R. Strachey of the Bengal Engineers is arrived 
in England from his travels in the Himalayas and Thibet. He made some hourly observations of the barometer 
at an elevation of 18,400, at 16,000, and at 11,500 feet, and found that the horary oscillations or atmospheric 
tides were as regular as on the plains of Hindoostan, and the hours of maxima and minima were the same. 


Meteorological observations made by Lieut. R. Strachey on Lunjar Mountain in Thibet (lat. 31° 2\ north) at 
an elevation of 18,400 feet above the sea, August 22nd and 23rd, 1849, 


Date. 

Hour. 

Bar. at 32°. 

Av. 

Wet bulb. 


Date. 

Hour. 

Bar. at 339. 

ESI 




P.M. 






V.M. 






b m 

in. 


37* 



h m 

fa. 




Aug. 22. 

2 0 

15-374 

45-0 

Moderate wind and a few hghtcloud*. 

Aug. 23. 

4 0 

15*381 

29-0 

24*3 

Calm, clear. 

4 30 

•355 

487 

378 

Moderate wind and a few tight cion da. 

5 0 

•389 

29-0 

24*5 

Culm, dttlr, 


3 0 

•355 

427 

362 

Moderate wind and a few light cloud*. 


6 0 


280 

26*5 

Sunnac. 


6 0 

•362 

377 

355 

Moderate wind and a few light clouds. 


7 0 

•807 

S3-* 

32*8 

Calm and dear. 


7 0 

•369 

31-5 

29*9 

Wind light. 


8 0 

•<<» 

■420 

36-0 

35-8 

Calm and clear. 


8 0 

•396 

34*0' 

295 

Wind light. 


9 0 

39-8 

31*5 

Calm and clear. 


9 0 

•410 ; 

33*6 

28-9 

Calm, clear. 

| 

10 0 

•424 

44-9 

35*5 



10 0 

•412 

33-0 

285 

Calm, clear. 

1 

11 0 

•421 

56-2 

485 



11 0 

•414 

320 

267 

Calm, clear. 


noon. 

•415 

56-0 

40*9 


midnight. 
X »; 
2 0 

•394 

31* 

277 

Calm, clear. 


1 0 


56*9 

40*9 


Aug. 23. 

i m ; 

•395 

81*0 

30-7 

■sr 

Calm, clear. ,, j .. _J 

Calm, dear. 


1 30 
2d 

•404 

•397 

4H 

, l 

87*15 



3 0 

•383 

297 

27-6 

Calm, clear. 


3 0 

•387 

46*5 

36*5 

Strong wind and mure cloudy. 


2 Q 2 











Daily Oscillations of the Barometer at Dodabetta, at 8640 feet above the level of the sea. 
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.*«•*>!(,.*/ <• Range ^ Barometer MDodabettu. . : . -.u 

An inspection of the above Tables shows 5 that the range ' of the dai ly pressure, on 
the whole, had been very .regular. The Minimum oscillation was o*og on the 23th 
of July, although on the preceding and following days it was respectively 0*059 and 
P’069; on the 25tb of July 0*18 of rain fell, but the oscillation was only 0*16 on the 
10th of June, on which day no rain fell, and the wet bulb was depressed 3°*6 in the 
morning and 1° in the afternoon. There are two other instances in which the diurnal 
oscillation was less than three hundredths,-—on the 11th of April *022, and on the 
3rd of June *026. The maximum oscillation occurred on the 16th of June, and was 
*144. The preceding day it was *102, but the following day it was only *040. On the 
18th of March it was *102, on the 1st of March *094, and on the 19th of February 
*092; with these few exceptions of maxima and minima in diurnal oscillation, the 
daily range of the barometer was from *040 to *060, showing no violent atmospheric 
changes. Hie maximum pressure was on the 17th Of March, and was 22*218 in., and 
the minimum on the 23rd of June, when the barometer stood at 21*800, although 
only *09 of an inch of rain fell on that day, and little for several days before. The 
extreme annua! range of the barometer, therefore, was only *418, or less than half 
an inch. I have shown, in my former paper in the Philosophical Transactions, that 
the annual range in the Deccan, at 1800 feet above the sea, was only *672 in 1830, 
from 28*242 in. in January to 27*570 in July, the difference of the thermometer at 
the extreme periods being only 1°*4; and in no instance, on comparing the maximum 
pressure of one year with the minimum pressure ofaiiy other year, did the difference 
amount to eight-tenths of an inch. In Goldingham’s tables at Madras, for twenty- 
one years, the greatest range in any year (with the single exception of a terrific storm 
in May 1820) appears to have been *960 in 1818. In the more careful observations re¬ 
corded by Capt. Ludlow at the Madras Magnetic Observatory, fVom 1841 to 1845 both 
inclusive, taken hourly, the maximum range in 1842 (the observations for 1841 being 
imperfect) was from 30*136 at forty-one minutes past 9 a.m. on tbe 5th of December, 
to 29*454 on the 1st of June at 3 h 41“ p.m., and 23*435 on the 3rd of June at 4 h 41“ 
p.m., the range being 0*702 of an inch, the standard thermometer at the maximum 
pressure being 80°*6, and at the minimum 97°*3. In 1843 the maximum pressure was 
30*208 on the 24th Of January at 9 h 41“ a.M., and the minimum on tbe 21st of May 
being 29*256 at 3* 1 41“ a.m., the range therefore 0*952; the thermometer at the maxi¬ 
mum 81°*2, and at the minimum period 77° 8“. Ifa 1844'the maximum pressure was 
on the 16th of January, i.e. 30®*170 at 9 h 41“ a.m., arid the minimum on tbe 1st of 
June, at 4 k 41“p.m., i. e. 29*537, the range therefore'0^633, the thermometer at the 
first period being 79°*5, and at the second 89**8. In 1845 tbe maximum pressure 
was on the 10th of January^ 30**196 at 9 h 41“ a.ri., arid the minimum on the 31st 
of May, 29**531 at 4 fc 41“ p.M., the range therefore 0*6fi5: the thermometer at the 
maximum period was 79**9, and at the minimum it was 101°*5. The following 
Table shows the extreme range of pressure at Madras, Bombay, Calcutta, &c. 
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Dates and Hours of the Maximum and Minimum Pressure at Madras, and extreme 
range of Barometer at Madras, Bombay, Calcutta, &c. 


Yean. 

Max. Pm. 

Pate. 

Hoar. 

Min. Pm. 

Pate. 

Hour. 

ni 

Annual 
range at 
Bombay. 

Annual 
range at 
Calcutta. 

Annual 

rtmgeat 

Poona. 

Annual 
range at 
Maha- 

Annual 
range at 
Dodabetta. 














1842. 

80*156 

Dec. 5. 

h m 

9 41 A.M. 

29*454 

June 1. 

h m 

3 41 p.m. 

0*702 



*0*672 



1848. 

30*208 

Jan. 24. 

9 41a.m. 

29*256 

May 21. 

3 41 p.m. 

0*952 

0*705 





1844. 

30*170 

Jan. 16. 

9 41 A.M. 

29*537 

June 1. 

4 41 p.m. 

0*633 

0*661 

0*957 




1845. 

30*186 

Jan. 10. 

9 41 A.M. 

29*531 

May 31. 

4 41 p.m. 

0*665 






1846. 






! . 

0723 


0*869 


; 


1847. 









0*859 



0-418 

1848. 









0*961 


0*443+ 



The maximum pressure, therefore, at Madras occurred at the same hour annually 
and within a range from the 5th of December to the 24th of January; and the 
minimum pressure occurred between 3 h 41 m and 4 h 4I m p.m., and within the range 
of ten days between the 21st of May and 1st of June. The maximum pressure at 
Dodabetta, in 184/, was on the I/th of March, instead of December or January, as at 
Madras, but the minimum occurred in June, as at Madras. The Poona maximum 
was in January and the minimum in July; at Bombay, in 1843, the maximum pres¬ 
sure occurred on the same day and the same hour as at Madras, and the minimum 
pressure occurred equally in May, but on the 16th instead of the 21st of May. These 
facts Dr. Buist recorded in a series of meteorological observations, taken hourly in 
Bombay for the year 1843, on the opposite side of the peninsula from Madras; and in 
his tables it is stated that the maximum pressure of the atmosphere, 30-136, occurred 
on the 24th of January at 10 a.m., and the minimum pressure, 29*431, on the 16th of 
May, before the monsoon set in, at 4 p.m. ; the extreme range therefore being 0*705, 
while the extreme range at Madras in that year was 0*952, but the mean of the five 
years at Madras was 0*735. In Bombay, in 1844, the range was *661 from 30*119 on 
the 13th of January to 29*458 on the 4th of June. At Calcutta unfortunately the obser¬ 
vations were not taken hourly, and exact data are not attainable; but the record in 
1846 states that the maximum pressure occurred on the 12th of January at 9* 50 m a.m., 
viz. 30*225, and the minimum on the 25th of July at 4 p.m. 29*356, the annual range 
therefore 0*869. In 1847 the barometer stood highest on the 5th of February at 9 h 50 m , 
being 30*169, and the least pressure was on the 25th of May, at sunset , 29*310, the 
annual range therefore 0*859, singularly approximating to that of the preceding year, 
but in both years being greater than at Madras or Bombay. In 1848, at Calcutta, 
the maximum pressure was on the 24th of December 30*231 (9th of February 30*200, 
and 16th of February 30*191), and the minimum pressure on the 20th of July 29*270 
(on 18th of June 29*353, and on 20th of May 29*459), the extreme range in the year 
* For 183p, f For ten months of 1828-29. 
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therefore was 0*961. At no one of the places in the Table does there appear to have 
been a range of an inch; not only within the year, but taking the maximum pressure of 
one year with the minimum pressure of another year, the range of the barometer never 
amounted to 1 inch; and but for a record left by the late Mr. Gojldingham, astro¬ 
nomer at Madras, it might be supposed the peninsula of India was not subject to any 
great changes of pressure. In a furious hurricane however which occurred at Madras 
on the 30th of October 1836, at 6 a.m., the barometer stood at 29*940, and at 7 p.m. it 
stood at 28*285, and stood at that during an awful lull until 7 h 45 m p.M., when the 
hurricane recommenced and the barometer rose to 28*725; the removal of pressure 
in thirteen hours amounting to 1*665 inch. But the area of any such removal of 
pressure would appear to be comparatively limited, and we are indebted to the elabo¬ 
rate researches of Mr. Piddington of Calcutta, and Colonel Reid of the Royal En¬ 
gineers, in their investigation of the Rotatory Storms or Cyclones within the tropics, 
for enabling us to give an approximative area to the great depressions of the baro¬ 
meter at sea, of which the observations on shore scarcely record a trace. For in¬ 
stance, in a storm at Madras on the 16th of May 1841, the hourly observations at the 
observatory gave the barometer 29*650 at IOJa.m., and the lowest depression was 
29*513 at 4 b 41 iu p.m., while the barque Tenasserim, which had been compelled to slip 
her cable and run to sea at 1 p.m., at 8 p.m., when not many miles distant from Ma¬ 
dras, had the barometer at 28*60, the mercury at Madras at the same hour standing 
at 29*641, there being a difference of pressure of more than an inch of mercury 
within a few miles. The only effects of this storrn upon the diurnal tide at Madras 
were, that the maximum nocturnal tide turned at 10 b 41 m p.m. instead of 9 b 41® p.m., 
and the minimum ebb tide stopped at 2 h 41 m a.m. instead of 3 h 41® a.m., but the mini¬ 
mum day-tide turned at the usual hour, 3 h 41 p.m. 

Again, in a storm tit Madras which took place on the 21st of May 1843, the simul¬ 
taneous record of the barometer at the observatory and on board the General Kyd, 
which had been compelled to slip her cables and put to sea from Madras roads, was 
as follows:— 



From this Table it is seen that at 1 l b 41® on the night of the 21st of May, the baro¬ 
meter stood respectively at Madras and on board the General Kyd at 29*412 and 
28*17> a difference of 1-242; and as the General Kyd was only sixty-eight miles ea6t 
of Madras at noon on the 22nd, this prodigious difference of pressure occurred within 
fifty or sixty miles. The daily atmospheric tides continued at Madras despite the 
storm. The barometer reached its maximum at 9 b 41® a.m., 29*421; and at 8 h 41® p.m. 
it had fallen to its minimum, 29*360; then as usual it rose to 29*498 at 9 b 41® p.m , and 
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as usual fell gradually to 29-373 at 3 h 41® a.m. Although therefore the general pres¬ 
sure of the atmosphere bad been lowered three or four-tenths of an inch from the 
20th and 21st of May, the daily tides had not been interrupted, the maxima and 
minima occurring at their usual hours. In a storm at Madras on the -4t o cto 
1842, the p.m. tide reached its maximum at 10 h 41“ p.m., but the e stoppe a 
l h 41“ a.m. instead of 3 h 41“ a.m., and then rose until 9 U 41“a.m., the duration of t e 
ebb being three hours only, and the flow from l h 41“ a.m. to 9 h 41” a.m., no less t an 
eight hours; the next ebb six hours, and the subsequent flow seven hours. One 
other illustration will show how little the pressure of the atmosphere is affected at a 
great height by a proximate storm. On the 17th and 18th of April 1847 a great 
storm occurred on the Malabar coast. The following is the record of the barometer 
on the 17th, at different distances from the centre of the storm, as recorded >y 
Colonel Rbid ; the Dodabetta observations being interpolated by myself. 


Madras, 300 miles distant from centre, barometer . . 

Dodabetta, 166 miles distant from centre, barometer . 
Cannanore, 100 miles distant from centre, barometer . 
Ship Mermaid, 60 miles distant from centre, barometer 


m. 

2997 

21917 

2964 

2935 


On the 18th of April. 

Madras, 400 miles distant from centre of storm, barometer. 

Bombay, 240 miles distant from centre of storm, barometer. 

Dodabetta, 196 miles distant from centre of storm, barometer .... 
Cannanore, 130 miles distant from centre of storm, barometer .... 
Ship Buckinghamshire, 20 miles distant from centre of storm, barometer 
Ship in centre of the storm, barometer. 


in. 

29-94 

2970 

21984 

2978 

28-35 

2800 


At the centre of the storm, distant from Cannanore 130 miles, the difference of pres¬ 
sure therefore was 178; at Dodabetta, at 8642 feet above the sea, and 196 miles 
from the Buckinghamshire, the greatest difference on the 17th, 18th, or 19th of April 
from the mean pressure of the month, was less than two-tenths of an inch, as the fol¬ 
lowing records at Dodabetta show:— 



And although the wind at Dodabetta on the 1 7th and 18 th blew from the east round 
to the west with a maximum pressure of 35 and 22 lbs., and with a mean pressure for 
the two days of 21 and 14 lbs.; and though ten inches of rain fell on the 18 th, the daily 
atmospheric tides were neither suppressed, inverted, nor interrupted, and scarcely differed 
from the daily mean oscillation of the month. Sufficient instances have thus been 

2 R 2 
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adduced of t|*e eemparatirdy^arnnr arraofvery^g depressions, 

and the annual ranges given in the preceding Table may for the present beteonsidered 
normal conditions, at least at Madras. 

The following Table gives the monthly means of the diurnal oscillation 0f the baro¬ 
meter at Dodjabetta, together with the monthly and annual range of the barometer, 
and the monthly fall of rain:— 


Barometer at Dodabetta, at 8640 feet above the level of the sea. 



Barometer. 
Monthly means. 

: Difference. 

Maximum. j Minimum. 

j Extreme 

, monthly range. 

Sain. 

1847. 

February . 

9 h 40' a.m. 
in. 

22*129 

3 h 40' p.m. 
in. 

22-068 

•06l 

In. 

22-160 

in. 

22*014 

•151 

7*43 

March . 

22-160 

22*105 

*055 

22*218 

22-064 

•154 

3-61 

April . 

22*128 

22*066 

•062 

22*199 

21-888 

•311 

19*80 

May . 

22-087 

22*024 

•063 

22-169 

21-930 

•239 

4-86 

June . 

21*992 

21*940 

•052 

22-069 

21-800 

•269 

4*55 

July .. 

22*000 

21*949 

•051 

22*032 j 

21*889 

•143 

7*41 

August . 

22*030 

21-976 

*054 

22*090 ; 

21-898 | 

•198 

9*32 

September. 

22*031 

21*977 

*054 

22*100 5 

21-876 , 

•224 

7*52 

October .. 

22*086 

22*014 

*072 

22*129 

21-958 

•171 j 

12*49 

November . 

22*117 

22*038 

*079 

22*152 « 

21-966 - 

•186 : 

11*85 

Deeembey .. 

22*073 

22*013 

*060 

22*150 

21-921 ; 

•229 I 

12*28 

1848. 

January . 

22*113 

! 22*050 

•063 

i 

22*163 

1 

22-016 

1 

•147 i 

0*12 

Year . 

22-079 

! 22*019 

•060 

22*218 

21*800 

•418 | 

101*24 


Horary Oscillations. 

It is thus shown that the mean daily range for the year is 0*060, and in no month of 
the year did it exceed 0*079 in. This is different from Mahabuleshwur, Poona, Madras 
and Bombay. At Mahabuleshwur, at 4500 feet, the mean diurnal oscillation for ten 
months, by simultaneous observations, was 0*0694, and in no month did the monthly 
mean exceed 0*0835. At Poona, at 1823 feet, for 1827, it w r as 0*1009, for 1828 it was 
0*1075, and for 1829 it was 0*0991 ; but this last diminished oscillation is partly to 
be attributed to three months* observations having been taken at an elevation of 4000 
feet above the sea; but in 1830 the barometers were stationed for the whole year at 
Poona, at 1823 feet, and the mean diurnal fall of the barometer from 9--10 a.m. to 
4—5 p.m. was 0*1166 ; the mean of the four years was 0*1060. The greatest mean 
diurnal ranges for any month in those four years was 0*1616 in the month of Decem¬ 
ber 1827. At Madras hourly observations were recorded from the years 1842 to 1845, 
both inclusive, and for ten months in 1841, of which I shall not take any account, as 
the year is incomplete. The mean monthly fall of the barometer from 9* 41 m a.m. to 
3 b 41“ p.m. dajly, was respectively 0*124,0*120, 0*122 and0*121, exhibiting a singular 
uniformity, H^e differences being only in the thousandths of an inch of pressure. This 
uniformity Is pqualty marked in the successive months of the several years, tmd I have 
gone through |tbe laboqt* of working out the details to show it, the Madras printed 
observations being trrecord of facts only with o u t deduc t ion s o r comm ent. 
























Mean Diurnal Horary Oscillations. 



Mete.—Hie above means are the daily fall of the barometer from 9 to 10 am to 4 to 5 p,m. 
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At Madras the mean daily oscillation would appear to have been least when the 
barometer was highest in November, December, or January; and the reverse of 
this was the case when the barometer was lowest in May, June and July. The mean 
of the four years, at Madras, in the months of highest pressure, December'and 
January, is 0*111, and the mean of tbe four years in the months of least pressure 
0*122. The mean daily oscillation therefore was greatest when the pressure of the 
atmosphere was least. The same was not observed to be the case in tbe observations 
made in the Dukhun in the years 1327, 1828, 1829 and 1830; tbe means for the 
two periods being 0*131 and 0*081 ; nor in Calcutta in the years 1829, 1830 and 
1831, the oscillations being respectively 0*118 and 0100; and in 1848 tbe difference 
was more marked, the means of the daily oscillation for the periods of greatest and 
least annual pressure being 0*135 and 0*106: the same was the case at Bombay and 
at Dodabetta. This peculiar feature exhibited at Madras is not satisfactorily ex¬ 
plained by its not being subjected, like Calcutta and Bombay, to the south-west 
monsoon, because the general curve of pressure at Madras follows the order of pres¬ 
sure at Calcutta and Bombay, with the exception of the month of November in the 
years 1844 and 1845, when the mean monthly pressure was greater in that month 
than in December. The hourly observations at Madras were too systematically and 
apparently accurately taken to suppose there could have been inaccuracy in the 
records, and they are quite as trustworthy, if not more so, than any other meteoro¬ 
logical records in India. There appears a great discrepancy in the mean daily range 
at Madras and Bombay in the months from March to November, particularly in the 
month of April, which does not belong to the monsoon of either place. In the other 
months, the small range at Bombay may be accounted for by the prevalence of the 
monsoon at Bombay and the absence of the monsoon at Madras, but the means of 
the daily range for the year indicate a greater oscillation at Madras than might 
have been expected. 

Times of ebb and flow of the Atmospheric Tides , or Turning-points. 

I have given separately the chief of the four daily tides, namely, the fall between 
9—10 a.m. to 4—5 p.m., to facilitate comparison of the movements of the same tide at 
different places by simple inspection, The following Table gives the movements of 
the three other daily tides; but I have confined it to the Madras records, as three 
daily movements for various places could not have been put conveniently into juxta¬ 
position. 



Monthly means of the Daily Atmospheric Tides between the hours 3 h 41®—4 h 41 m p.m. to 9 h 41®—10 11 41® a. 
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A close inspection of the hourly observations upon which the above Table of means is founded, shows that the 
tides turn occasionally on consecutive days at different hours, and the intervals between the maxima and minima 
in the severaldiurnal tides frequently vary from five hours to seven hours in the duration of each tide; and not less 
frequently it is found that at the turning-point or turn of the tide, there is no movement of the atmosphere at all 
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for an hour- 1 »-tig: Iraurand ■a imtfi n ev er thetesB the mcwthiy means of the same 
tide for* successive years are almost identical; take for instance the rising afternoon 
tide from 3 —4 p.m. to 10 or 11 p.m. in the month of January, and it is seen that the 
means in the successive four years were •0/8, *080, *078 and ’ 07 $, so that the daily 
irregularities were merged in the monthly means. Similarly, the rising tide from 
3 h 4 j m -f- 4 h 4 l m a.m* to 9 h 41 m —10* 41“ a.m. in the month of February was *096, *095, 
*095 and *100 in successive years. The falling night-tide between p.m. and a.m. does 
not exhibit quite the same regular features; for instance, in the month of March we 
have *004, *058, *055 and *071. November also has *063, *070, *059 and *075 ; but the 
annual means of each tide, as in the great diurnal tide, remarkably approximate to 
each other in successive years, as is shown by the Table, which is worked out from 
the Madras hourly observations. Another feature exhibited by the Table is the alter¬ 
ation ir| the range of the monthly means of the diurnal movement of the same tide 
in different months of the year, the increment and decrement alternating at different 
seasons of the year with the increment and decrement of another of the tides; for 
instance, in the month of January throughout the four years the rising tide from 3 h 41“ 
— 4 h 41*“ p.m. to 9 h 41“ — 10 h 41“ p.m. is less than the rising tide from 3 h 41“—4 h 41“ 
a.m. to 9 h 41“—10 h 41“ a.m. ; but the reverse of this takes place as the year advances, 
and in April the p.m. rising tide is considerably greater than the a.m. rising tide, and 
this continues until November, when the previous relations return. The same remarks 
do not apply to the two falling tides, as the falling tide by day is invariably greater 
(more than double) than that of the falling tide by night. 

In my paper on the Atmospheric Tides of the Deccan, I gave a Table (No. 3) of 
the anomalies in the period of the ebb and flow of the different tides in 1830, and to 
enable me to do this I had observed the barometer every five minutes about the period 
of the expected turn of the tide. The anomalies were numerous. In the Madras 
hourly observations the same anomalies are observable, as the intervals of maxima 
and minima vary from five hours to eight hours, although the absolute time of the 
turn of the tide within the hour is not shown. Dr. Buist’s observations in Bombay 
for 1843 and 1844 are also hourly, and exhibit the same occasional irregularities in 
the time of the tides turning as at Poona and Madras. The recent observations at 
Calcutta do not afford the means of detecting this no doubt existing fact; for ob¬ 
servations at Calcutta are not recorded by night at all, and only every two hours 
during the day. A hare inspection of and reliance upon the Calcutta monthly tables 
therefore would justify the assertion that the daily maxima and nfinima in the oscil¬ 
lations of the barometer occurred at fixed hours, which, although generally true, is not 
absolutely so. The observations at Dodabetta were unfortunate!^ not made hourly, 
with the exception of those for twenty-four hours between the twenty-first and twenty- 
second days of each month; the means of comparison therefore of! the diurnal hourly 
oscillations with those of Madras and Bombay, are limited to ttyoscj twenty-four hours 
in each month; but although so limited, features of interest are!exhibited. It has 
hitherto I believe been supposed that the two ascending and two ^ascending diurnal 

v 1 i 



tides of the atmosphere within the tropics, although turning after a longer or shorter interval in each tide , were never 
interrupted or retrograde in the onward or backward movement of each tide . The Dodabetta hourly observations indi¬ 
cate that such Is not the case, and I have thrown the facts into a table for a comprehensive view of them. 


,,, jQftSJEMTATJONS TA#*N'INi u \ <> 
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MDCCCL. 


4 - indicates die maximu m tide. — indicate* the minimum tide. ± Indicate* an interruption to usual rise Or Ml. 



































































>314 L1EUT.-COLONSL «V KB8’8 BISCUMtON OS' METEOROLOGICAL 

Observations on Horary Oscillations. 

It id hence seen that in the month of March the diurnal tide, Which usually falls 
from 10 am. until 4 p.m., turned at 3 p.m., and should then have gradually risen until 
9—10 p.m., instead of which it rose only until 4 p.m. and then fell until S p.m., when 
it turned again and ran its usual course. In the same month the a.m. tide, which 
Usually falls from 10 p.m. until 4 a.m., had its Ml interrupted at 2 a.m. and rose until 

3 a.m., when it turned and fell to its ordinary minimum, and then gradually rose 
Until' 10 a.m. In the month of May the daily minimum occurred at the proper hour, 

4 p.m., and its ordinary regular rise continued until 5 p.m. ; but at this hour it changed 
and fell until 6 p.m., but at that hour resumed its Usual course. The other tides were 
free from these aberrations, but two of them turned at 3 and 0 a.m. instead of 4 and 
10 a.m. In the month of June the flow is irregular in the 4 a.m. tide. Its minimum 
occurs properly at 4 a.m., and it rises until 5 a.m., but at this hour it has turned, 
instead of continuing to rise, and falls until 6 a.m., when the barometer is as low as at 
4 a.m.,— a solitary instance within the year. In the month of January 1848, the falling 
tide from 10 p.m. goes on regularly until midnight, when it turns and rises until 
1 a.m. ; it then turns again in the proper direction, but instead of stopping at 4 a.m., 
the minimum hour, it continues until 5 a.m. and then turns. An inspection of the 
Table shows that the barometer never appeared to remain stationary at the turning 
hour of the maximum a.M. (9—10) tide, but that in the months of January, February 
and April, no movement of the tide took place for a full hour at the 9—10 p.m. maxi¬ 
mum tide. In August, although the other tides flowed as usual, that of the a.m. 
period remained stationary from 2—4 a.m., both inclusive. The maximum a.m. tide 
occurred six times in six months of the year at 9 a.m., and six times in the other six 
months at 10 am. The maximum nocturnal tide took place only twice at 11 p.m., 
thrice at 1 9 p.m., five times at 10 p.m., and thrice was stationary between 9 and 10 p.m. 
The minimum diurnal tide turned once only at 6 p.m. The chief irregularities appear 
to have been in the a.m. minimum nocturnal tide, embracing the hours from 1 —6 a.m. 
On looking over the Madras hourly observations tor four years for the twenty-four 
hours between the 21st and 22nd of each month in the year 1842, there are only two 
instances of similar irregularities. On the 22nd of March in the falling a.m. tide at 
2 h 41” a.m., 1 the barometer stood at 29*85 i 9, and at 3 h 41” a.m., instead of continuing 
to fall, it had risen to 29*869, but at 4 h 41 m it resumed its regular course and fell to 
29*865. On the 22ud of November an irregularity occurred in the noctnrnal p.m. 
tide. At 10*» 41” the barometer stood at 30*004; at ll h 41® it had fallen hi due 
course to 29*991, but at 12 h 41* it had risen to 29*992, and only at 1*> 41" resumed 
its usual ebb, and fell to 29*981. In the year 1843 there are also only two instances 
of irregularity in the specified days; namely, on the 21st of August in the a.m. felling 
title. At 1" 41® a.m. the barometer stood at 29*722; at 2'* 41®, instead of feHing, it 
rOSe to 29*725, then feH, at 3 h 41 ”, to 29*724; then rose, at 4 h 41®, to 29*726, and con¬ 
tinued regular to the maxim am period at 9 a.m. On the 21st bf December, at 11^ 41 * 
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p.m., the barometer was 86*121; at i2fc 41W, insteadofcotttinuing to foil, it had risen 
to 30*125, but .then changed;:and at 2* 4lftit waa30‘lO4»atldfoU cegularlytill3 b 41 m 
A.M., when it was at its minimum, 30*089,, On the 21st of < September, in 1843, the mini¬ 
mum a.m. nocturnal tide occurred at ) b 41“ a.m. instead of ;3 b A1P, at which hour 4* 
took place on the morning of the 22nd; the interval,.therefore, between the mini mam 
of this am, nocturnal tide and the maximum of the 9-—10,morning fide* wastSeven 
hours, the maximum occurring at 8 h 41 m , a very rare instance, of the continued flow 
of this a,u. tide, which usually runs its course within f<pui* or five hours, and,on rare 
occasions in three hours; the change of pressure, however, waf only equal to 0; 114, 
from 29763 to 29*877- In 1844 there is but one instance, of, .irregularity wifbici' the 
prescribed hours. On the 22nd of September, at 12 b 41 m a.m., the barometer, afood, at 
29*820; at l h 41 m it bad fallen as usual to 29*808, but at 2 h 41 Pit bad risen to 29*81(9; 
at 3 b 41“ to 29*833; but at 4 U 41“ it bad fallen to 29*832, and then continued regular. 
In 1845 there is also only a solitary instance on the ,21st of March, At 7 b 41“ a.m. 
the barometer stood at 29*933; at 8 h 41“ it had fallen, instead of rising, .to 29*932, 
but at 9 b 41“ resumed its usual course. It will be remarked that at Madras there in 
not a single instance of irregularity in four years in the foil of the great diurnal tide 
from 9 —10 a.m. to 4— 5 p.m., and the instances of irregularities in the other tides only 
serve to prove that the laws are not without exceptions. From the above comparisons 
it is seen that the irregular movements in the tides were not common to Dodabetta 
and Madras at simultaneous periods of time, nor at proximate periods of time. The 
irregularities in the intervals of the different tides are numerous, as are also the In¬ 
stances of stationary periods in which the atmosphere appeal's to be quiescent from 
one to two hours. It now remains to notice the deviations from the usual laws at Bom¬ 
bay, as recorded by Dr. Buist in bis Bombay hourly observations for 1843 and 1844. 
On the 21st of January, at 3 a.m., the barometer stood at 29*864, at 4 a.m. at 29*865; 
but at 5 a.m,, instead of continuing to rise, it bad fallen to 29*863, and continued to 
foil until 6 a.m., when it stood at 29*856; at 7 a.m. it resumed its usual course, and con¬ 
tinued to rise until the maximum hour. At Madras, on the same day, making allowance 
for the difference of longitude, nothing of the kind occurred. At Bombay, on. the. 21st 
of March, at 11 p.m., the barometer stood at 29*688; but at midnight, instead, of con¬ 
tinuing to fall, it had risen to 29*699, and it was only at 1 a,m. it< resumed its ebb. 
There was nothing of the kind at Madras, where the maximum, 29*861, was attained 
at lO 6 41“ with the ordinary regularity. On the 22nd of.May, at Bombay, there were 
irregularities in all the tides, a thing so unusual, and not occurringat ail on the 20th 
or 23rd of May, as to render the table apocryphal, either from error in the record or 
in the lithography; the a.m. foiling tide stops at 2 a.m., then rises, to 8>a.m., falls to 
9 a.m., and then rises to 10 a.m., its maximum, however, bring at 8 a.m. From 4p(m. 
the tide as usual rises to 6 p.m., then foils to ,8 p.m.,, and after wards' proceeds Ao attain 
its maximum *! 11 p„m. Something similar occurs between I and 3 a.m. on the 21st 
of June, but, not on the 22nd, .. Nothing (f (he { Qt Madras,either,on the 
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20th, 2Ut, 22nd or 23rd of May. The last irregularity Lo be noticed at Bombay 
within the limit hours, was on the 21st of October, At midnight the barometer stood 
at 29*803; at 1 a.m. it bad risen in the usual course to 29*887, but at 2 o’clock it-had 
fallen to 29*881, and only resumed its ordinary rise at 3 a.m. ; as far as the record goes, 
there does not appear to have been any irregularity at Madras*. Similar instances 
occur within the limit hours in 1844,—on 21<st of January at 3 a.m., 21st of May at 
1 a.m,, when the tide remained stationary at 3 h 41 m , and & a.m., and at 1 a.m. on the 
22nd of December. In September the maximum horary pressure occurred at 
ll h 30 m a.m., and in other months several times at 11 a.m. 

If we extend our comparisons to Aden, on the coast of Arabia, nearly in the lati¬ 
tude of Madras, but 35° 6' of longitude to the west of Madras, we find the very same 
exceptions to normal conditions. Dr. Buist has been kind enough to transmit to me 
proof sheets, now going through the press, of part of a meteorological journal kept 
at Aden for 1847 and 1848. Hourly observations were taken on certain term-days 
monthly; instead of taking up the whole of these term-days, it will suffice to select 
those of January and June of each year, these being months in which the maximum 
and minimum pressure of the atmosphere usually occur in India. Barometer 1^7 feet 
above the sea at Aden. All corrections made. 


January, 
1847* 

Hours. 


r.u. 



A. 

M. 



Noon. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

m 

11 

12 

1 

8 

3 

4 

I 5 

6 

7 

8 

9 

m 

11 

12 
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•821 



778 

780 


770 







•853 



29790 

25 

99 684 


... 

*661 

... 

... 

... 


717 

... 


,,, 

... 

... 

... 

•646 

#|t 


... 

_ 


... 

743 


... 

29 691 

30 

*9-783 


... 

•716 

... 

... 

... 


... 

... 

786 

... 

... 

... 


722 



... 

... 

... 

EE 

... 

... 
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June, 



























T 

39-648 



-557 







•637 


... 

... 

... 

•583 







•698 

... 


29614 

16 

‘99*5891... 

... 

•488 

•488 


... 

... 


•542 


... 

... 

... 

... 

-507 







•613 

<M 

... 

20*533 

90 

99-631 


... 

TO 

... 


... 

... 

•574 



... 

... 

_ 


506 





... 


•620 

... 


29*552 

99 

rTTTO 

... 

... 


*385 

... 

... 




•484 

... 



... 

•431 






... 

•548 

... 

• A* 

29-468 

January, 



























1848. 



























7 

29-856 


EE 

... 

... 

• a* 



. •# 

•921 


... 

•858 

•864 

... 

•844 



... 

... 


•914 

... 

aaa 


29-876 

14 

99-868 

fM 


•835 



... 


M 9 

... 

•902 

••• 

... 



*860 


... 

... 

... 

... 

•915 

• •A 

• a. 


•6-674 

94 

29-781 



*732 

... 




• an 

... 

•807 

... 

... 

... 

... 

733 


... 


... 


•853 


• as 


29781 

96 

20*774 

... 

EES 

720 

... 


... 



... 

•814 


... 

... 

... 

761 


... 


1 


... 

•853 

aa* 

... 

99*781 

June, 



























1848a 1 
6 

29 497 



•416 

... 


... 




SB 1 




•305 



... 



... 

•532 




hBj 

15 

29 546 

... 


•481 

... 


... 



•549 


... 

... 

... 

... 

•479 



*579 

•563 



wan 


... 

90*433 

91 

29*522 



•382 

•382 





•469 

•446 

•466 

•462 



•377 







.507 



OQ.A'Ut 

99 

.99651 


•••' 

•542 


|- 

... 


... 


•599 


ii 


•544 

... 

•*• 



... 

•673 


... 

... 



A glance of the eye over the above Table shows the turning-points of the several 
tides:and their irregularities. The first marked feature is the almost constant turn¬ 
ing,^ the descending p.m, tide and ascending a.m. tide, at 3 p.m. and 3 a.m., instead , 
ofat 4 or 5 p.m. and a.m., as on the continent of India; to this there are only five 

* In r diagram of the comparative readings of seven barometers at Bombay, between the 20th and 21st of 
June 1848, these anomalies appear to have occurred between 2 and 3 p.m., 7 and 8 p.m., 10 and 11 p.m. and 
1 to 4 A.M., hot the barometers did not exactly harmonize in their movements. 
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exeeptiOhs to 1 tlie former and only one tofheldtter; Vuf tvfo'df the exceptions Ate 
remarkable* the tide having turned on the 7th and 28th of January 1848, at 2 *.M. 

I do not recollect a single case of the kind in the records in India. In the first of 
these cases the tide flowed from 2 until 9 p.m., seven hoars j and in the second it re* 
mained stationary from 2 until 3 p.m.* and then flowed until 10 p.m. ; this portion of 
the ditirnal movement of the atmosphere occupying eight hours instead of six. As a 
contrast to these lengthened periods* we find that the 3 p.m. ascending tide* on the 
2Sth of January and 20th of June 1^47, flowed only from 3 p.m. until 8 p.m., five 
hours instead of eight. On the 15th of January 1848, the ascending a.m. tide did 
not attain its maximum until 11 a.m., but this retardation was probably owing*to an 
inversion in the flow at 7 a.m. ; the pressure, instead of increasing at this hour, having 1 
diminished from 29 # 572 at 6 a.m. to 29*563, but after this interruption the usual in¬ 
crease took place up to 1 1 a.m. It will be seen that there are two instances of a station¬ 
ary state of the barometer on the 28ih of January 1848, from 2 to 3 p.m., and on the 
21st of Juno 1848, from 3 to 4 p.m. Meteorologists know that this circumstance, 
which would excite no attention without the tropics, is of rare occurrence within the 
tropics. The next great feature in this Table is the absence of any retrograde move¬ 
ment in the p.m. descending and ascending tides; but this is not the case with the other 
two tides; as at Dodabetta, several interruptions in the flow or ebb are recorded. In 
the descending nocturnal a.m. tide there are three instances. On the 15th of January 
1847, at 1 a.m., the tide has risen from midnight instead of continuing to fall. Pre¬ 
cisely the same thing occurs on the 7th of January 1848, at the same hours. On the 
21st of June the interruption occurs at an earlier hour. The pressure is at its maxi- : 
mum at 9 p.m. ; it then diminishes until 10 p.m., but instead of continuing to diminish 
it increases until 1 1 p.m., but at midnight has resumed its usual course. In the a.m. 
ascending tide there is only one instance of inversion ; on the 15th of June 1848, the 
usual rise stops at 6 a.m. and retrogrades until 7 a.m., it then resumes its usual flow ; 
add continues until 1 1 a.m., a very unusual hour for the period of the maximum of ’ 
the a.m. tide. Had the term-days of the other months been noticed, numerous in- j 
stances of deviations from normal conditions could have been given. It would be de- j 
sizable to ascertain whether these aberrations have any relation with changes in the j 
electrical tension in the atmosphere . j 

If these anomalies be tested by a comparison with hourly readings of the barometer, I 
at Aden corrected for the tension of vapour*, for four days in each month of the 
year 1847, not only is their occurrence rendered unquestionable, bot netv phases in 
abnormal conditions appear. Annexed is A Table of thA “ MeAfis* Of hourly tendings 
of the barometer in four days in each month at Aden ill 1847, corrected for 

moisture. l - * ''*' 

♦ Corrected by the observer. 

5 - •«! < I ' t *. <■ i ' ’ ■ ' ' ■ ’ ' ' ' 
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Means of the Hourly Readings of the Barometer at Aden for 1847, corrected for Moisture. 


318 


LIEUT.-COLONIfi SYKES’S DISCUSSION OF> METEOROLOGICAL 



•240, 









































U*' OBSERVATIONS VHK««1 IN INDIA. 


319 


It has been asserted thatwRen the barometer is corrected for moisture its diumai 
movements in the tropics are resolvable into a simple ascending and descending 
curve in the twenty-four hours, nevertheless the first feature of the Table is the 
existence of two ascending and two descending tides, although the correction for 
moisture bad reduced the air in which the mercurial column bad moved to a sup¬ 
posed dry state. The usual hours of the ebb and flow are generally sufficiently mani¬ 
fest, particularly in the hours of greatest pressure, yet there is the unusual circumstance 
of the ascending a.m. tide turning in five months at 6 a.m. instead of 9—10 a.m., and 
in this tide also there are three instances of a check to its usual movements. The 
ascending p.m. tide has also its anomalies. In eight months it attained its maximum 
aft the usual time between 9 and 10 p.m., but in July there is the rare circumstance 
of its turning at 5 p.m. instead of 9—10 p.m., and in June and August the equally 
rare circumstance of its turning at ^ pm. ; the next anomaly in this tide is in October, 
when it did not turn until midnight. The chief anomalies, as at Madras, Bombay and 
Dodabetta, occur in the a.m. and p.m. ebb or descending tide. The Table shows that 
the turning-points of the p.m. diurnal ebb, ranged from noon in February, and July, to 
4 p.m. in April and June. In February, when the minimum occurred at noon, the 
maximum took place at the usual hour, 10 p.m. ; there was therefore the almost un¬ 
precedented circumstance of a tide continuing to flow for nine hours . In the a.m. de¬ 
scending or ebb tide, the anomalies are even more marked than in the corresponding 
p.m. tide, for the turning-points range from 1 a.m. to 5 a.m. In January it turned at 
1 a.m., and then the ascending tide continued to flow uninterruptedly until 10 a.m., a 
second instance of a nine horns' flaw. In July, September and November, it also 
turned at 1 a.m., but the maximum occurred at 6 a.m. instead of 10 a.m., the flow in 
each of these months being five hours! a glance of the eye over the Table will show ; 
although the different tides ultimately attained their respective maxima and minima, 
yet in many instances they were subject to checks or interruptions, which appeared 
to give way after a short resistance to the periodic movements of the atmosphere. 
In the month of August, however, the atmosphere appeared in so vacillating and 
disturbed a state, that the only tide which turned at the normal hour was the 10 a.m. 
maximum tide. The means of the hourly readings on four days in each month, 
corrected for moisture, give a mean curve of pr essure in each month which nearly 
corresponds with the curve of pressure of the daily readings of the barometer Cor¬ 
rected for temperature only. The maximum pressure with both corrections occurs 
in December, but the minimum occurs in June corrected for temperature and in July 
with both corrections. The whole of the facts connected with the meteorology of 
Aden of which I have made use, are from observations taken by Sergeant Moves. 
with excellent instruments, and Dr. Buist is now passing the observations through 
the press. 

These facts, which could be very greatly multiplied, have been somewhat dwelt 
upon, with a view to a right understanding of Humboldt's observations in his Cosmos*, 

* Bohn's Edition, vol, i. p. 320. 
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where, speaking of the horary oscillations of the barometer, he says, “ their regularity 
is so great, that in the day-time especially, the hour may be ascertained from the 
height of the mercurial column without error, on the average of fifteen or seventeen 
minutes. In the torrid zones of the new continent, on the coasts, as well as at eleva¬ 
tions of nearly 13,000 feet above the level of the sea, where the mean temperature 
falls to 44°*6,1 have found the regularity of the ebb and flow of the aerial ocean un¬ 
disturbed by storms, hurricanes, rain and earthquakes.” It is now shown that the 
horary oscillations have a different range in different months of the year; their range 
is influenced by height above the sea, and the tides do not always flow and ebb in 
equal periods of time; but the existence of two ascending and two descending but 
unequal tides within twenty-four hours within the tropics, is established beyond all 
question; and if not altogether undisturbed , as Humboldt says, by storms, hurricanes 
or rain, yet the meteorological records in India prove that the periodic daily move¬ 
ments of the aerial ocean are never suppressed*. 

Pressure of the Atmosphere . 

With respect to the mean pressure of the atmosphere in India near the sea-level, 
I shall limit myself to the insertion of a comparative table showing the means of four 
years* hourly observations at Madras, the means of two years’ hourly observations at 
Bombay, and the observations taken every two hours (but during the day only) at 
Calcutta, for 1843-44 and 1848. I append however curves of pressure at these places 
projected for longer periods, and for which I am indebted to Dr. Buist, LL.D. The 
barometers at these respective localities, being each only a few feet above the sea- 
level, should have differed from each other in their mean annual results only in the 
third place of decimals, or at most only slightly in the second place of decimals, 
nevertheless the pressure at Bombay differs from that at Madras a twentieth of an 
inch; and at Calcutta, where the barometer is 17 feet, nearer the mean sea-level than 
at Bombay, the mean annual pressure is even less than at Bombay, while on the other 
hand the pressure at Aden reduced to the sea-level is greater than anywhere else. 
These discrepancies originate probably in the neglect of using previously compared 
instruments. At Madras, the annual means in successive years differ from each 
other only in hundredths of an inch. For the mean pressure at different elevations 
tables are annexed. 

* The observations of Lieut. R. Strachey in Thibet, at 18,400 feet above the sea, show that on the 22nd 
and 23rd of August 1849, the following were the oscillations of the four tides:— 



B. uncorrected 
for temperature. 

B. corrected 
for temperature. 

5 P.M. to 11 P.lt. 
11 P.M. to 4 A.M. 
4 A.M. tO 10 A.M. 
10 A.M. tO 3 P.M. 

+ •059 
-033 
+ 043 
—037 

+ ■075 
-■029 
+ 016 
-*032 
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Monthly Mean Pressure of the Atmosphere, reduced to 32°. 


Madras. 

Bombay, 35 feet. 

Calcutta, 18 feet. 

Aden, 187 feet. 

Poona, 

1823 

feet. 

Mahabuleshwur, 
4600 feet. 

Dodabetta, 
8040 teet. 

Royal Ob* 
amatory, 
Green - 
aich, 

160 feet. 

Yean.. 



1844. 

1846. 

1848. 

1844. 

1848. 

1843, 

1844. 

1847. 

1848. 

1834. 

1828, 

18*0. 

Moans 

of 1 year. 

1847, 1848. 

Mean* of 

8 yean, 
1841 to 
1848 

January. 
February 
March... 
April ... 
M., ... 
June ... 
July ... 
August.. 
Sept. ... 
October 
Nor, ... 
Dec. .. . 

29-995 

29-972 

29*800 

29-805 

29-713 

29-684 

29-697 

29-729 

29- 768 
29873 
29 941 

30- 201 

29-085 

29-966 

29 886 
29-864 
29-692 
29709 
29-709 
29-759 
29-788 
29-863 
29-926 

30 001 

29-998 
29-980 
29-007 
29-809 
29-700 
29 668 
29-723 
29-731 
29-793 
29-868 
29-963 
29-926 

39*015 
29*965 
29*924 
29-818 
29-712 
29-705 
29-726 
29742 
,29-830 
29-850 
129-984 
( 29-965 

29-923 
29-889 
29-839 
29-813 
29662 
29-654 
29661 
29730 
! 29-779 
; 29-845 
129-887 
, 29 961 

29*947 

29-928 

29-669 

29-804 

29-760 

29-628 

29*048 

29-701 

129-795 
29-825 
29*924 
29-893 

30-000 
29 980 
29-838 
29-716 
29-636 
29-516 
29-528 
29-571 
, 29*713 
*29-881 
30*005 
30*021 

1 ' 

29-937 29*774 
29 915 29-832 
29-793 29-770 
29-656 29-690 
29-563 29 635 
29 184 29-545 
29-517 29 491 
29-516 29-540 
29-662 29-639 
29-633 29-811 
29-867 29-897 
29-951 29-902 

29-872 
29*853 
29-783 
29 711 
29-584 
29-511 
29-475 
29-483 
29-626 
29-745 
,29-855 
29-876 

28-087 
28 002 
27-952 
27-907 
! 27-846 
27-768 
27-766 
27-840 
! 27-925 
27*923 
,28-018 
. 28-068 

26-466 
25-452 
25-576 
25-538 
25-467 
25-377 
25-319 
25 387 

+25-500 

+25-498 

25-737 
25-766 
25*688 
25*667 
25*643 
25 664 
25*600 
25-647 
25-524 
25-810 
25 733 
25-739 

22*084 

22-098 

22-132 

22-097 

22 056 

21-966 

21- 974 

22- 003 
22-004 
22 050 
22*077 
22-043 

29*766 

29-737 

29*750 

29-708 

29-786 

29-797 

29*799 

29*787 

29*809 

29-858 

29-714 

29-857 

Means 1 
of year J 

29-8515' 29-8457 

i 

29*839* 29-853* 29-805 

1 1 

29-809J 29-783 

29-707 29-711 

1 : 

29-698 27-9251 . 

25-684 

22 046 

29-781 


The mean monthly pressure at Calcutta for 1843-44 is from reductions of Dr. 
M‘Clelland, and the record commences in November 1843 and ends in October 
1844. An inspection of the above Table shows that the maximum mean monthly 
pressure does not occur in the same month in successive years. At Madras, in 1842 
and 1843, the maximum pressure was in the month of December, in the two follow¬ 
ing years it was in the month of January. At Bombay, in 1843, the maximum was 
in December, in 1844 in January, at Calcutta, in 1843, in December, and in 1848 it 
was in December. At Madras the minimum monthly mean pressure, in three years 
out of the four, occurred in the month of June. In 1843 it was in the month of 
May, but at Bombay in the same year in June: at Bombay and Calcutta in 1844, 
and in 1848, at Calcutta, it took place also in June. At Poona, at 1823 feet, the 
maximum was in January and the minimum in July. At Dodabetta, at 8640 feet, 
unlike any of the stations at the sea-level, the maximum mean monthly pressure took 
place in March : the same thing occurred at Mahabuleshwur^ in 1828-29, at 4500 
feet above the sea; but like the other stations the minimum pressure at Dodabetta 
occurred in June, but at Mahabuleshwur in July. Dr. Buist of Bombay mentions, 
that for three years at Aden (1846-48) the minimum occurred in July, and tbs 
maximum in February, but by the preceding Table the maximum in 1847 and 1848 
occurred in December, and the minimum in both years in July. At Greenwich tbe 
means of thirty years’ observations, recorded in Bblvillvs’s Manual, give results in¬ 
verse to those in India,, as the maximum pressure is in June and tbe minimum in 
November; but there if a second maximum in January and u second minimum in 
March; but the greatest daily mean pressure occurs about thej 9th of January, and 

♦ Thirteen days' observation! wanting. + For 1828, retaining months for 1829. 

X For 1848, remaining months for 1847. 

$ The means of one year's pressure at Mahabuleshwur is inserted from the Bombay Medical Journal, but 
the observations do not appear to have been corrected for temperature, and as the maximum pressure is repre¬ 
sented to occur in October and the minimum in September, there evidently must be some mistake, and I 
therefore only notice my own simultaneous observations w ith Dr. Walks a for 1828*29. 
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the minimum daily mean depression at the end of November. From the means 
of eight years* observations, obligingly furnished to me by Mr. Glmshbr, from the 
Royal Observatory, Greenwich, the maximum was in October; with a second maxi¬ 
mum in December, the minimum was in April; corrected however for the tension 
of vapour, the maximum was in December and the minimum in August; but conse¬ 
cutive years differ greatly when the vapour correction is applied. 

I attempt no explanation of these anomalies, as much more lengthened observa¬ 
tions are required than those at my disposal afford for philosophical deductions. 
From the month of the maximum pressure, there is a gradual mean monthly decline 
of pressure until the minimum pressure; then there is a gradual monthly increase 
of pressure, even when the monsoon sets in at Madras in October until the maximum 
is attained again; but there is no rule without an exception, and the curve was inter¬ 
rupted in the month of December in the years 1844 and 1845 at Madras, and in 1844 
at Bombay; but in Calcutta, in October 1844, and at Mahabuleshwur, and at Doda- 
betta in December 1828 and 1847 respectively. At Aden, in 1847, it was interrupted 
in February. In 1848 the curve was regular. 

Appended to this paper are annual pressure curves at Madras, Bombay and 
Calcutta, protracted from the records of the barometer at the several places. The 
three localities are under very different conditions of temperature and moisture in 
the same months, and they differ considerably in latitude and longitude ; Madras and 
Bombay, situated upon opposite sides of the peninsula of India, are subject to different 
monsoons; Madras to the N.E. monsoon, which commences in October and ends in 
February, and Bombay is subject to the S.W. monsoon, which commences in June and 
ends in October. Calcutta is under the full influence of the S.W. monsoon, but has 
occasional showers from the Madras rains. When Bombay is deluged with rain 
Madras is comparatively dry, and the hot weather prevails; and when Madras is 
under the influence of the Coromandel rains, Bombay is cold and dry. Veiy different 
atmospheric conditions therefore exist at the two places in the same months. Never¬ 
theless the annual curves of pressure protracted from monthly means, may be said to 
be identical, not only for Madras and Bombay, but also for Calcutta. The few ex¬ 
ceptional cases are lost or disappear in the means, and may originate in local causes. 
It would thus appear that the periodic movements of the mass of the atmosphere 
within the northern tropic are independent of, or only very slightly affected by, the 
hygrometric and thermometric conditions of the lower strata of the atmosphere. It 
occurs to me that this phenomenon may be owing to the sun’s place in the ecliptic. 
When the sun is at the southern tropic, the air above the northern tropic is compa¬ 
ratively cold and therefore dense, and at its greatest pressure; this would be from 
December to January inclusive. As the sun returns to the north the air gets gradually 
warmer and dilates, and the pressure being inversely as the volume, the barometer 
gradually sinks, until the sun is returning from the northern tropic again, when the 
mass of the atmosphere gradually cools, gets denser, and the pressure gradually in¬ 
creases again. Supposing this explanation to have any foundation in truth, the carve of 
pressure within the tropic south of the equator would be the reverse of that in the tropic 
north of the equator. The maximum pressure would be from June to July inclusive. 
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and the minimum pressure from December to January inclusive. On referring to the 
St. Helena observations for 1843 this is very nearly the case, the maximum pressure 
and minimum temperature being in August instead of July, and the minimum pres¬ 
sure and maximum temperature in February to March instead of January. 

Meteorological Observations at St. Helena, 1843. 


January 

Bar cm. 
in. 

. . 28*238 

Therm. 

6476 

February . 

. . 28*214 

66*25 

March . . 

. . 28*214 

65*35 

April . . 

. . 28*251 

64*93 

May. . . 

. . 28*292 

61*53 

June . . 

. . 28*335 

58*88 

July . . 

. . 28*341 

57*43 

August . . 

. . 28*358 

56*71 

September. 

. . 28*328 

56*92 

October 

. . 28*279 

57*23 

November. 

. . 28*250 

59*54 

December . 

. . 28*251 

62*44* 


From the occurrence of the maxima and minima of the horary oscillations of the 
barometer at the same focal hours in different meridians, these phenomena also would 
seem to be connected with the sun’s action upon the atmosphere. 

In the fitful movements of the atmosphere beyond the northern tropic the sun’s 
influence would not appear to be similarly felt, as the maximum pressure at Green¬ 
wich is in October, with a second maximum in December, and the minimum pressure, 
instead of being when the sun is at the northern tropic, is in November. 

Temperature . 

The hourly observations at Madras for four years afford the most complete and 
trustworthy data for determining at that place the fluctuations of temperature, the 
exact diurnal and annual range, and the exact periods of the fluctuations in the oc¬ 
currence of the maxima and minima, which cannot be satisfactorily shown by any 
observations short of hourly record. For Bombay I have only such records made by 
Dr. Buist for the years 1843 and 1844. Those at Calcutta were two-hourly only 
during the daytime, and those at Dodabetta were made but twice a day, with the 
exception of twenty-four hours once a month between the 21st and 22nd, when the 
observations were taken hourly. For exact determinations I am constrained to 
abandon many proposed comparisons, and in many instances to use less frequently 
recorded observations to express general features. The following Table shows the 
monthly means and annual temperatures at Madras and Bombay from hourly observa¬ 
tions. For the other localities the means are derived from less frequent observations, 
and are therefore only approximations to the truth. 

♦ The above table ia confirmed by the Mauritius and Cape observations; the minimum pressure being from 
January to February inclusive, and the maximum July to September inclusive. 
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Means of two-hourly observations. The mean temperature at Madras, in 1848, was 83°*15, and the curve the same as that of the preceding years. 
Sattarah is in tat. 17° 40'. Long. 74° 2'. Mercara is sixty-five miles E. of Cannanore. Uttray Mullay, twenty-two miles N.E. by E. from Trevandmm. 
The mean temperature at Mahabuleshwur, from 1829 to 1843, was deduced from the mean of a daily maximum and minimum thermometer in the shade. 
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The first feature is the close approximation of the annual means at Madras for the 
four years; the difference between the greatest and least being only 1°*26 Fahr., 
although the difference between the means of the same month in successive years 
may have exceeded three degrees. Nevertheless the means of most of the months in 
successive years show a great amount of uniformity. The coldest months are De¬ 
cember or January, and the hottest May or June. In 1842 and 1843 December was 
the coldest month. In 1844 and 1845 January was the coldest. In 1842 and 1845 
May was the hottest month. In 1843 the maximum mean heat was not reached until 
July, and in 1844 it occurred in June. Although these discrepancies occur, the 
monthly increment or decrement to or from the maximum period is gradual, and 
rarely checked or inverted. In Bombay the annual mean temperature for 1843 is 
almost identical with that of Madras for 1843, although the two places differ 5° 41' 
in latitude. The monthly means of the two places correspond tolerably well from 
January until July; for instance, February corresponds within a tenth of a degree, 
and June within two-tenths. But in July there is a difference of 3°*79, August 3°*31, 
September 3°*16, Madras being plus: then the sign changes and Bombay becomes 
plus for the remaining months of the year, and also in January. The coldest month 
in Bombay was January, and the hottest May. In Bombay, in 1843 and 1844, unlike 
Madras, there is an inversion in the decrement of heat on the sun’s going south ; for 
October is represented as hotter than September in both years: a very remarkable 
fact is exhibited by these hourly means, namely , that neither the south-west monsoon 
at Bombay, nor the north-east monsoon at Madras , at all affect the monthly mean 
regular increment or decrement of heat , with the exception of October in Bombay. 
It will be observed that the maximum heat, both at Madras and Bombay, was not 
when the sun was vertical at either place passing to the northern tropic; but 
when the sun was near to the northern tropic in June, the mean temperature in 
1843 at Madras, in lat. 13° 4 ', was at its maximum in July, while at Bombay, in 
lat. 18° 55', the greatest heat was in May of that year; and though the sun passes over 
both places again to the south the mean temperature gradually declines in each year, 
with the exceptions noticed. I was desirous of inserting in the Table of Mean Tem¬ 
peratures those for 1843 and 1844 at Calcutta, for comparison with the Madras and 
Bombay observations for the same year; but on referring to the volumes of the 
Bengal Asiatic Researches for 1843 and 1844, 1 found that the tables had not been 
inserted. They were met with however in the Journal of the Horticultural Society 
of Calcutta, but proved to be records of the temperature during the day only at 
9J a.m., noon, 4 p.m. and sunset*. A mean temperature from such data would neces- 

* In the fifth volume of the Calcutta Journal of Natural History, Dr. M'Clbllajjd states that the mean 
temperature of 1844, from daily observations, was 82°*35, the coldest period at sunrise, and the hottest at 
2 h 40® p.m. daily; the maximum heat 104° on the 10th of April, the minimum 51°' 7 on the 19th of January, 
and the annual range 52°S. He speaks also of the minimum daily pressure of the barometer occurring 
twice at 6 p.r. in January, February and May. 
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sarily be unsatisfactory. In 1847 meteorological tables appear in the Journal of the 
Asiatic Society of Bengal from the same source as those used by the Horticultural 
Society in the preceding years, namely, from the office of the Deputy Surveyor- 
General in Calcutta, but they were even of less use than the preceding tables, for they 
had but two daily records, namely, at 9£ a.m. and 4 p.m., and the records were other¬ 
wise useless for determining the absolute range of the thermometer, as there was only 
a record of the maximum temperature and no minimum. In 1848 more elaborate 
tables make their appearance, containing two-hourly records from sunrise to sunset, 
at sunrise, 9£ am., noon, 2 h 40“ p.m., 4 p.m., and sunset, together with the indications of 
a maximum and minimum thermometer, but without any observations after sunset. 
This is an improvement upon the former records, but falls short of the requisites for 
scientific purposes. The maximum and minimum thermometer certainly gives the 
range of temperature, but does not give the hours of the occurrence of the maxima and 
minima. Mean temperatures deduced from a maximum and minimum thermometer 
may possibly be true; but an arithmetical mean from two extreme observations daily 
would be incorrect, unless the increment and decrement of heat from a mean point 
were regular, which is known to be rarely the case. Annual mean temperatures de¬ 
duced from formulae, of which the latitude is the element, are often fallacious; for 
independently of the great discrepancies in mean temperatures between America and 
Europe on the same parallels of latitude, and as indicated also by isothermal lines in 
Europe, there are places differing little in longitude where the annual mean tempe¬ 
rature is higher than at places nearer to the equator, both within and without the 
tropics : taking an instance from Dove’s temperature tables, we have the following :— 

o I o 

1 Aberdeen . Latitude 67 9 Mean temperature 49*18 

2 Dundee . . Latitude 56 27 Mean temperature 51*94 

3 Edinburgh . Latitude 55 58 Mean temperature 47*13 

4 Liverpool . Latitude 53 25 Mean temperature 50*80 

5 London . . Latitude 51 30 Mean temperature 50*83, or 49*7 by Glaisher. 

Aberdeen, therefore, nearly six degrees north of London, has almost the same mean 
temperature as London: and Edinburgh, intermediate between both, has a lower 
mean temperature than either. Dundee, five degrees north of London, has abso¬ 
lutely a higher mean temperature; and Liverpool, two degrees north of London, has 
the same mean temperature. In the tropics similar instances are found. 

Calcutta.Latitude 22 34 40 Mean temperature 83*72 

Bombay.Latitude 18 55 42 Mean temperature 81*1 

Madras.Latitude 13 4 10 Mean temperature 82*42 

Aden.Latitude 12 46 26 Mean temperature 80*2 

In this case Calcutta, 9 degrees north of Madras and 3£ of Bombay, has a higher 
mean temperature than either; and Aden, in a lower latitude than any of the places. 
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instead of a higher has a lower mean temperature than Calcutta, Bombay or Madras. 
This mean temperature at Madras and Bombay is deduced from hourly observations; 
and had Dove’s previously noticed mean temperature been derived from similar re¬ 
cords, the anomalies might have been modified or have disappeared altogether- With 
the reservations contingent upon the explanations given, I shall comprise my obser¬ 
vations upon the temperature tables of places other than those for Madras and Bom- 
bay, within very narrow limits. And first, with respect to Calcutta, the means are 
derived from observations taken at the Surveyor-General’s office, with excellent in¬ 
struments, but the observations are day observations, and it is only for the last six 
months of 1848 that records were made every two hours. The means, however, of 
those six months correspond sufficiently near with those of the same six months in 
the three preceding years to show that the conversion of three-hourly observations 
into two-hourly observations, had very little effect upon the mean results. What was 
wanting were observations at night, and of these there are not any. The mean tem¬ 
perature of the years, from 1845 to 1848, both inclusive, never falls below 83°*26 (in 
1847), and was as high as 84°*11 in 1845, and the mean temperature of the four years 
is 83°*72. The coldest month was December, excepting in 1848, when January was 
the coldest. The hottest month was May, excepting in 1846, when April was the 
hottest; the mean temperature of April and May, for the four years, being respect¬ 
ively 87°’12 and 90°*27. For the years 1846 and 1847 the mean monthly increment 
to the maximum heat, and mean monthly decrement to the minimum heat, is gradual 
and regular, but in 1845 and 1847 there are instances of inversion; in 1845 March 
is hotter than April; September is hotter than August; in 1848 September is 
also hotter than August, instead of being cooler. This very high mean temperature 
of Calcutta is not of ready explanation, even after making an allowance for the want 
of night observations: situated on a broad river, in the midst of cultivated, well- 
wooded and moist plains, and within the influence of the sea; on the verge of the 
northern tropic, it might have been supposed that its position, in respect to lati¬ 
tude, would have affected its mean temperature. The sun is vertical at Calcutta in 
the first week in June and July, but Calcutta attains its maximum heat in May, while 
the sun is yet approaching, and the mean temperature is actually diminishing, while 
the sun is passing and repassing from the tropic, and while the heat ought to be ac¬ 
cumulating from the lengthened days, as is shown in the following tabular statement:— 


I Latitude N. 

Longitude E. 

Sun vertical. 

Longest day. 


o t It 

88 28 15 

72 54 24 

80 21 35 

45 15 0 

June 5—July 7- 
May 15—July 28. 
April 25—August 18. 

h m 

13 23 

13 08 

12 46 


Admitting that the lengthened time for which the sun is nearly vertical over Cal¬ 
cutta might raise the mean temperature of May, June and July, there would be a 
corresponding diminution in the months of December, January and February, in the 
long nights, and the mean temperature of the year should not be raised by the 
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great beats of April and May; but such, nevertheless, would not appear to be the case, 
at least in the absence of night observations. It will be remarked also, that the re¬ 
turn of the sun over Bombay in July does not prevent a reduction of three degrees in 
mean temperature; this however might be attributed to the rains commencing; but 
in its passage over Madras in August the continued mean monthly fall of the thermo¬ 
meter is not interrupted, although it will be recollected there is not any monsoon at 
Madras in August to correct the effect of the sun's passage. The slanting rays of the 
sun, within certain angles of incidence without the tropics, produce a heat of great 
intensity, even where the physical characters of the country do not lead us to expect 
such a result; for instance, on the banks of the broad Indus in Scinde the thermo¬ 
meter is known to rise in the shade to 110° — 120° Fahk. Recently, at Peshawur, 
the following is the record of the thermometer in a house from the 7th to the 14th of 
May 1849:— 



Sunrise. 

8 A. If. 

Noon. 

4 P.M. 

9 P.M. 

Latitude N. 

Highest . 

75 

89 


© 

104 

8$ 

33 59 

Lowest . 

67 

84 

96 

98 

i 78 



On the 16th of June, at 4 p.m., thermometer 109°; on the 25th of July, 109°; 
August 3rd, 4th and 13th, 104°; the extremes being 07° and 104°, the mean 87°, and 
the range 37°. A register for the whole month, by Dr. J. Malcolmson, gives the 
following facts; the maximum being 109° on the 6th in a tent, and 106° on the 24th 
and 31st in a house. 


Register of the Thermometer at Peshawur for May 1849. 


j Fahrenheit Thermometer. In the shade in a house in the city. | 

| Date. 

Sunrise. 

Noon. 

4 P.M. 

Date. 

Sunrise. 

Noon. 

4 P.M. 1 

m_i 

63 

79 

66 

17 

70 

O 

98 

m 


65 

73 

66 

18 

73 

99 

19 


64 

87 

91 

19 

81 

97 

103 


63 

75 

85 

20 

80 

102 

105 

5 

61 

96 

91 

21 

83 

99 

105 

6 

64 

102 

109 

22 

91 

102 

105 

7 

90 


104 

23 

85 

100 

104 

8 

67 

108 

99 

24 

88 

98 

106 

9 

70 

107 

101 

25 

82 

99 

105 

10 

70 

104 


26 

85 

99 

104 

11 

65 

102 

95 

27 

84 

99 

104 

12 

70 

106 

106 

28 

84 

97 

103 

13 

70 

107 

104 

29 

85 

99 

104 

14 

71 


101 

30 

84 

99 

106 

15 

90 

106 

98 

31 

88 

102 

106 

16 

70 

104 

105 






Note by Dr. J. Malcolmson. —The register was kept in a house, and that may account for the maximum 
being no higher than 109°. 

Heavy rain, with thunder, lightning and hail, for the first four days in the month. Winds generally 
westerly, and south-west. Severe dust-storms occasion a lly. • 
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On the 22nd of May 1849, at Ferozepore, lat. 30° 53', on the Sutlege river, the 
thermometer stood at 104° in a good house, the usual precautions being taken against 
the hot winds. Even in August, at Peshawur, with thunder-storms and heavy rain 
on the 7th, 9th, 15tb, 16tb, 17th, 20th and 29th, and with several light showers be¬ 
sides, the maximum was 104° at 4 p.m., the minimum at sunrise 81°, the midday 
maximum 101°, and with a midnight maximum of 100°, and yet the Report says, 
“ The month had not however been characterized, as would be supposed by the in¬ 
dications of the thermometer, by any unusual degree of heat over those which had 
just preceded it. It even did not range so high as in May, June and July*." 

Even at Alten, in Fintnark in Norway, in latitude 69° 58', where the mean annual 
temperature is between 35° and 36° Fahr., and where in 1846 the thermometer sunk 
to 14°*8 below zero; on the 27 th of July 1847, at noon, the thermometer in the shade 
rose to 84°*7 Fahr. Capt. Scoresby, in his Arctic Voyages, somewhere mentions, I 
think, that the rays of the sun were sufficiently powerful to melt the pitch on the 
sunny side of his vessel, while the air was at a freezing temperature on the shady 
side. But these intense heats of summer are compensated for by a depression of tem¬ 
perature when the sun is at the southern tropic and the mean annual temperature is 
not raised. The high mean temperature of Calcutta, therefore, would seem to be 
influenced by local causes, independently of the vertical or oblique action of the sun, 
or the length of time the sun is above the horizon. But the anomalies of mean tem¬ 
perature are not limited to Calcutta. Aden, situated in latitude 12° 46' 26" N., lon¬ 
gitude 45° 15' E., on the shores of Arabia,—shores dreaded for their supposed into¬ 
lerable heat, has a mean temperature (80°*2) lower than that of Bombay, Madras or 
Calcutta, with a less range of the thermometer, with a maximum heat only of 89° in 
May and October, and a minimum of 68°*5 in January! and most singularly the 
mean temperature for evert/ month in 1848 is lower than the temperature of the 
corresponding month at Calcutta, and, with the exception of November, December 
and January, lower than at Madras or Bombay. From the maximum mean monthly 
heat in April 1830, at Calcutta, the temperature gradually declined until the mean 
monthly minimum in December, excepting in September and October, when the curve 
was interrupted by a rise of 1°*5 in the former month, and of 2 0# 3 in the latter; after 
December the temperature gradually rose to its mean maximum. 

* Dr. Wallin of Helsingfors, the traveller in Arabia, has furnished me with a copy of his register of the 
thermometer, from which I learn that at Bagdad, lat. 33° 20' N., long. 44° 24' E., the thermometer in the 
shade of a house on the second story, with a N.W. aspect upon the banks of the Tigris, on the 19th of July 
1848, at 2 p.m. stood at 122°*9 Fahb., wind W.N.W., on the 13th and 18th at 120°-2, and on seven other 
days in the month of July at 118°*4 ; and the lowest heat in the month at 2 p.m. was 101 o, 3 on the 2nd of 
July, wind N.W., clear. 
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Curves of Temperature at High Levels. 

Proceeding from the sea-level to considerable altitudes, we find that the mean 
temperature at Poona, in 1830, at 1823 feet above the sea-level, was 80°*28, differing 
only six-tenths from the mean temperature of Bombay for 1844, and less than one 
degree of Fahr. from the mean temperature of 1843 at Bombay. A difference of 
level of 1823 feet therefore gave a difference of less than one degree of temperature. 

The comparison of the temperatures of the three stations of Mahabulesbwur, Mer- 
cara in Coorg, and Uttray Mullay in Travancore, all at the height of 4500 feet above 
the sea-level, and differing little in longitude, but several degrees in latitude, affords 
some interesting facts. The latitude of Uttray M allay is about 8° 00* N., long. 76° 00' E., 
Mercara, lat. 12° 30', long. 73° 30', Mahabuleshwur, lat. 1 7° 58', long. 73° 29'. The mean 
temperature of Uttray Mullay, situated nearest to the equator, is lower by 3 0, 35 than 
the mean temperature of Mercara, and 2 0, 66 lower than that of Mahabuleshwur, while 
the mean temperatures of Mercara and Mahabuleshwur are almost identical. The 
maximum heat of Mahabuleshwur, in both years recorded, is in April, while the mean 
of three years at Mercara fixes it in March. At Uttray Mullay the maximum heat, in 
1845, was in April, while in 1846 it was in March. At 4140 feet above these levels, 
namely, at Dodabetta, the maximum heat was, in May, as in Bombay and Calcutta. 
The minimum heat, at the height of 4500 feet, was in December, at Mahabuleshwur 
and Mercara in all the years. At Uttray Mullay, in 1845, the minimum mean monthly 
heat was in June, the only instance of the kind in all the observations discussed in this 
paper; and in this same year January and October had the same mean temperature. In 
the next year the minimum heat was in January. At Dodabetta, at 8640 feet, in 1847, 
the minimum temperature was in December, but, with the exceptions of April and 
May, the mean monthly range was so small that most of the months were nearly the 
same in their mean heat. Mahabuleshwur and Mercara being within the S.W. mon¬ 
soon, while Uttray Mullay and Dodabetta are subject to both S.W. and N.E. mon¬ 
soons, the annual curves of temperature might be expected to vary considerably. At 
Mahabuleshwur and Mercara there is a gradual decrement of heat from the maximum 
point until the month of October, when the mean monthly temperature rises at both 
places, but falls after that month to the minimum of the year. The same thing occurs 
in Bombay and Poona, but there is no rise in October at Madras nor at Calcutta in 
1846 or 1847; and in 1845 and 1848, when the gradual decrement of beat was in¬ 
terrupted, it occurred in September instead of October, as at the other places within 
the influence of the same monsoon. At Uttray Mullay and Dodabetta, within the 
influence of both monsoons, we find the annual curve of temperature interrupted 
in the first place in March, then in July, October and November in 1845, and in July, 
August and September in 1846. At Dodabetta the increase is quite gradual from De¬ 
cember to May; but the natural decrement is interrupted in July, and the tempera¬ 
ture rises in August, sinks in September, rises in October, and then falls to the mini¬ 
mum of the year. From these facts, it appears that the two monsoons derange the 
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curves of temperature at the different places, which might be expected otherwise to 
coincide with the sun’s path in the ecliptic; but further observations from the hill 
stations may modify these conclusions. 

Range of Temperature and Hours of Maxima and Minima . 

Unless where hourly observations are taken, the exact periods of the occurrence of 
the maxima and minima cannot be determined; and though a self-registering thermo¬ 
meter will determine the range of temperature, yet the hours of the turning-points 
cannot be learnt from it. For the hours of the occurrence of the maxima and minima, 
therefore, I am limited to the hourly observations taken at Madras and Bombay; 
but for the range of temperature, without reference to specific times, I can avail my¬ 
self of a maximum thermometer registered at Aden for 1848, and one at Calcutta 
registered since June 1848. 

Madras.—Hours of Maximum and Minimum Temperature . 

The usual impression in India is, that the maximum heat occurs about 2 p.m., and 
the minimum a little after sunrise. The Madras hourly observations for four years, 
from which the following Table is prepared, exhibit great anomalies in the hours of 
the occurrence of the maxima and minima. In the forty-eight months of monthly 
range there are seventeen records of the greatest heat occurring about noon (between 
ll h 41 m and 12 h 41 m ); eighteen records between 1 and 2 p.m., and thirteen records 
between 2 and 3 p.m. In 1842 the maximum daily heat occurred only once about noon 
(I2 h 41 m ) on the 20th of April (96°*5). In 1843 it occurred at the same hour, or be¬ 
fore it, in January, February, March, May and November. In 1844, at the same 
hour, in January, April, November and December. In 1845, in March, April, May, 
September, October, November and December; so that in fact the maximum 
daily heat, although it took place only at noon in the month of April in 1842, in the 
other three years, either in one year or the other, occurred at noon in all the months. 
There is not a single instance of the maximum daily heat occurring after 2 h 41 m p.m. 
The minimum heat of the month, in 1842, occurred in May at 2 h 41 m a.m. (81° # 1), 
the only record of the kind in the year. In 1843 there is no similar record, but 
in 1844 there are two instances of the least heat taking place in July and August 
at 41 m past midnight, and one instance at 2 h 41 m a.m. in September. In 1845 
there is a solitary case of the lowest temperature at 2 h 41 m a.m. In the whole 
four years there are only three instances of the minimum beat being at 3 h 41 m a.m., 
two at 4 b 41 m a.m., twenty-five at 5 b 41 ro a.m., and twelve at 6 b 41 m a.m.; and one 
singular instaoce of the greatest cold in the month being as late as 7 b 41 m a.m. on 
the 14th of May 1844. It may be affirmed, therefore, that the greatest cold occurs 
at Madras most often at 5 h 41 m a.m. The monthly range of the thermometer does 
not differ very much in the different months of the year, nor does the range of the 
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thermometer in the same months in successive years exhibit very marked discre¬ 
pancies, although there are some differences; for instance, in February 1842 the 
range was 20°*8, and in February 1845 only 14°*2. In April 1842 the range was 
22°*0, and in April 1843 only 14°-8. It might have been expected that the greatest 
range, as at Bombay and Calcutta, would have occurred in the coldest months, and 
that the greatest discrepancies would have occurred in the comparisons of the same 
months in succeeding years, but such was not the case. The greatest monthly range 
in any month at Madras, twice occurred in the month of May in 1844 and 1845, 
namely, 25°*9 and 25°*6 respectively. The least range, 12°*5, took place in January 
1843. The annual ranges varied only from 27°’0 in 1843 to 3/°*l in 1844*. For 
Bombay I have only hourly readings of the thermometer for 1843 and 1844. The 
maximum heat twice occurred at noon, on the 11th of August and 6th of December; 
twice at 1 p.m., on 31st of March and 29th of April; five times at 2 p.m., and three 
times at 5 p.m. There is not any conformity in the times or dates of these maxima 
with those of the same year at Madras. A remarkable feature in the minimum daily 
heat at Bombay is the comparatively late period of the morning at which it took 
place. On the 4th of January the minimum heat was at 8 a.m., in five other months it 
occurred at 7 a.m., in two months at 6 a.m., and once only at 5 a.m. ; and entirely 
unlike the numerous instances at Madras, there is not a single case of the minimum 
heat falling before 5 a.m. in 1843. The greatest range of the thermometer was in the 
cold months and least in the monsoon ; the maximum, 19 0, 3, was in January, and 
the minimum, 8°*4, in August. The annual range for 1843 was 24°*4. In 1844 the 
chief feature is, that the minimum heat in the month occurred at midnight on the 
28tb of August, and the minimum temperature occurred at 1 and 2 a.m. on the 22nd 
of July, as well as at 5 a.m. ; twice only the least heat occurred as late as 7 a.m. ; the 
maximum heat never occurred after 3 or before 1 p.m. The maximum heat was 91°‘9 
and the minimum 64°7, the annual range therefore 27 0, 2. The greatest monthly 
range was in February, 20°7, and the least in August, 8°*5. The monthly ranges of 
the two years had a close correspondence. The maximum heat observed in the sun 
in Bombay was 142 0, 6 at 1 p.m., 10th of November 1846. 

Calcutta Range of Temperature . 

Hourly observations not having been taken at Calcutta, and the records of a maxi¬ 
mum and minimum thermometer having only appeared in the Asiatic Journal since 
June 1848, I can only give the range of temperature since that date; but I know 
nothing of the days or hours of record, excepting what is derived from a foot-note at 
page 550 of the Number of the Journal for June 1848. As at Bombay, the greatest 
monthly range was in the cold months and least in the monsoon months. Two 

* A memorandum just received gives the mean tem]>erature of Madras for 1848 at 83°*15 ; the maximum on 
the 20th of June 106°, at 3 h 41 m p.m., and the minimum 63 0, 5 on January 26th, at 6* 41® a.m, ; the annual 
range therefore was 42 0, 5. 
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maxima ranges of 21°*5 and 21° occur in March and January, and the minimum^ 
9 °' 4 , was in August. The annual range was nearly double that of Bombay, namely, 
41 °* 9 . The foot-note above alluded to has the following records:— 

1846. Maximum heat in May .105*0 

1846. Minimum heat in January .... 55*0 

1847. Maximum heat in May.109*6 

1847. Minimum heat in February .... 50*0 

The range in these two years, therefore, being respectively 50° and 59°*6 Fahr. ; the 
thermometer rising higher and sinking lower than either at Madras, Bombay or Aden 
near the sea-level. * 

Range of Temperature at Mien. 

Extending the comparison of thermometric range near the sea-level to Aden, in 
the latitude of Madras, but 35°*6 to the westward of Madras, it will be seen that, 
unlike Bombay or Calcutta, the greatest range is not in the cold months, nor in the 
months in which the maximum heat occurs, but in those months in which the mean 
temperature is comparatively moderate, viz. March, April and October; the smallest * 
range however occurring, as at Calcutta and Bombay, in what are called the mon¬ 
soon months at those places, namely, May, June, July, August and September, while 
in those months at Madras the greatest range of the thermometer takes place. The 
greatest monthly range at Aden, 11°*2, occurs in October, and the least monthly 
range, 6°*0, is almost identical in the consecutive months of June, July, August and 
September. The annual range is 20°*5. If the records of 1848 exhibit normal con 
ditions, then the climate of the dreaded Aden is more equable than that of places on 
the sea-level on the coasts of India. * * 

The annexed Table contains the elements of the preceding notices i — 

Range of Temperature at High Levels . 

With respect to the majority of the stations at different elevations above the sea, 
as hourly observations were not kept, and a maximum and minimum thermo¬ 
meter only used, at Mahabuleshwur and Dodabetta the hours of the occurrence of 
maxima and minima cannot be stated. 
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Sattarah.—Range of Thermometer . 

At Sattarah, the results of four years’ observations by Dr. Murray, from 1844 to 
1847 inclusive, are as follows:— 




Maximum 

temperature. 

Maximum 
daily range. 

Maximum 
monthly range. 

• 

January. 

53*0 

8&0 

23-0 

sl ‘0 

February . 

50*5 


86-0 

33*0 

March. 

32*0 


32*0 

38*5 

April . 

64-0 


31*5 

36*5 

Mav . 

7 o-o 


26-0 

29*5 

June .. 

69-0 

93*0 

220 

22*0 

July . 

60-0 

91*0 

7*5 

11*0 

August . 

60-0 

^■7 i ! 

10-0 

10*0 

September. 

64-0 


16*0 

19*0 

October. 

63-0 


21*0 

30*0 

November ......... 

S 8-0 

83*0 

21*0 

25*0 

December . 

57-0 

86-0 

25*0 

27*0 

Year . 

50-5 



38*5 


The minima and maxima in temperature represent the highest and lowest state of 
the thermometer ever indicated in January in four years, and the same for the other 
months; and the maxima and minima are not necessarily in the same year. The 
ranges represent the greatest and least in any particular day or month. 

The maximum temperature, at 2320 feet, exceeded that recorded in Bombay, and 
the daily and monthly range were greater, but considerably less than at Mahabu- 
leshwur at 4500 feet. In four years at Sattarah the extreme range of the thermo¬ 
meter was 52°*5, from 50 o, 5 to 103°0, while at Mahabuleshwur in fifteen years the 
range was only 47°*0. The minimum temperature does not appear to have been below 
50°*5, while I have observed it about the latitude of Sattarah, and at 400 feet lower 
level, at 40°*5 in January; and at 3123 feet in May I had it rise, at 3^ p.m,, to 105°. 

The following is extracted from a synopsis of fifteen years’ observations at Maha¬ 
buleshwur, from January 1829 to December 1843, from observations successively 
taken by Doctors Walker, Morehead and Murray :— 


Extreme 
daily range. 

Extreme 

monthly 

range. 

Extreme 
depression 
at night, 
thermometer 
exposed. 

Months. 

Maximum 

temperature. 

Minimum 

temperature. 

Range in 
fifteen yean. 

21*0 

30*5 

30*0 

January . 

79*5 

45*0 

sl *5 

23*8 

32*1 

31*5 

February. 

85*5 

46*0 

39*5 

23*5 


33*0 

March. 

89*0 

49*5 

40*5 

22*0 

34*5 

36*5 

April . 

92*0 

56*0 

36*0 

22*0 

32*0 

30*2 

May. 

90*0 

57*3 

32*7 

18*5 



June. 

84*0 

53*0 

31*0 

12*7 

18*5 

H 

July. 

73*8 

51*5 

22*3 

1 M 

13*0 

■ ■ 

August. 

70*8 

53*0 

17*8 

14*0 

17*0 

HBHj 

September t 

77*0 

56*0 

21*0 

17*5 

23*0 

34*1 

October . 

78*5 

54*0 

24*5 

16*5 

23*0 

29*5 

November . 

75*0 

51*5 

23*5 

19*0 

27*5 

27*5 

December . i 

76*0 

48*5 

28*5 

23*8 

38*0 



92*0 

45*0 

47*0 
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Mahabuleshwur.—Range of Thermometer . 

The range of the thermometer in fifteen years was 47° Fahr., from 92° in April to 
45° in January, but it will be seen that the thermometer exposed to radiation at night 
had been as low as 27°‘5, and in every month of the year, excepting the four mon¬ 
soon months, verged upon the freezing-point ; the maximum heat in the sun was 
110° in April and May, at 9 a.m., but at midday it had risen to 127°. The extreme 
daily range never exceeded 23° 8, and the maximum monthly range was 38° Fahr. 
The record of the night thermometer at Mahabulesbwur giving instances of the tem¬ 
perature in five months of the year sinking below the freezing-point, although it is 
not described as being placed on the grass or ground, affords an explanation of an 
otherwise puzzling record in the Dodabetta observations, namely, “on the 15th, 16tb, 
17 th and 22nd of November 1847, found ice around the office ” (at sunrise?), although 
there is not any record of the thermometer below 45° 2 on the 16th at Dodabetta, and 
in the hourly observations of the 22nd the thermometer only once sank to 48°*6 at 11 
o’clock at night; the extreme cold, therefore, must have been caused by radiation 
and evaporation*. An old officer, who had often resided at Mahabuleshwur, tells me 
that he has frequently witnessed hoar-frost on the ground at Mahabuleshwur, though 
he had never remarked the thermometer sinking below 45°. The highest temperature 
in the sun at Mahabuleshwur was 127° in March and May. 

Dodabetta.—Range of Thermometer . 

At Dodabetta the following are the maxima, minima and ranges:— 



Minimum 

temperature. 

Maximum 

temperature. 



1847. 



. 


February. 

41*2 

61-0 


19*8 

March. 

43*5 

67-0 

15*5 

23*5 

April . 

47*0 

C6*5 

16-7 

19*5 

May . 


65-8 

15*3 

19*8 

June . 

44*0 

60-0 

11*8 

16-0 

July. 

44-3 

59*0 

13*9 

14*7 

August . 

44-5 

59*1 

14*1 

14*6 

September . 

41-8 

59*0 

10-6 

17-2 

October . 

42*8 

58*8 

10*3 

16*0 

November . 

42*9 

61*1 

13*1 

18*2 

December . 

41*0 

60*4 

15*5 

19*4 

1848. 

January . 

38*5 

62*8 

19*5 

24*3 

Year . 

38*5 

67 

19*5 

28*5f 


Hence it is seen that the Dodabetta temperature, at 8642 feet, compared with that 
of Mahabuleshwur at 4590 feet, has a decidedly diminished daily, monthly and 
annual range. It so happens that the lowest but not the highest state of the thermo- 

* There is not any record of the radiation thermometer in November at Dodabetta, but in February it 
appears to have been twice below the freezing-point, 
f Annual range. 
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meter, and the greatest daily and monthly range, occur in the same month at Doda- 
betta, namely, January 1848. The lowest temperature in the year was 38°*5, the 
highest 67°, and the annual range 28°*5. The greatest monthly range was 24°*3, 

Aqueous Vapour. 

Preliminary to the-discussion of the question of aqueous vapour, a few words are 
necessary on the caution requisite in generalizing on a limited number of facts, or 
on observations not extending over lengthened periods of time. The hourly observa¬ 
tions of the wet bulb at Madras and Bombay, for 1843 and 1844, are apparently 
trustworthy and satisfactory, supposing the wet bulb theorem to be correct. Those 
at Calcutta were taken only twice daily, at 9 h 40 m a.m. and 4 p.m., and how far obser¬ 
vations, taken twice only during the daytime, can be relied upon for the expression 
of normal conditions, will best be shown by the following comparison of observations 
of the wet bulb at Dodabetta at 8640 feet above the sea-level. The regular meteoro¬ 
logical observations were recorded twice a day only, at 9 h 40 m a.m. and 3 h 40 m p.m., 
but on one day in each month independent observations were taken for twenty-four 
consecutive hours. In a table I have compared the means of the 9 h 40 m a.m. and 
3 h 40 m p.m. observations with the means of the twenty-four consecutive hours for the 
same day. The discrepancies are considerable, and too numerous to admit of the 
supposition of their resulting from accident or carelessness. On the 21st and 22nd of 
January the hourly observations give a depression of the wet bulb of9°*2. The twice 
a day observations give a depression of 9°*4 ; on the 21st and 22nd of March a de¬ 
pression respectively of 5°*7 and 7°’7 ; on the 21st and 22nd of April of 5°*2 and 4°*2; 
on the 21st and 22nd of May of 1°*8 and 1°*33 ; and on the 21st and 22nd of November 
of 7°*8 and 6°*1. A bare inspection of the several hygrometric records for Dodabetta 
will show the anomalous results in working out the dew-points, elastic force of vapour, 
and per-centage of vapour or fraction of saturation in the atmosphere by the tables 
founded on Dr. Ap John’s formula. The hourly observations also demonstrate, that on 
the same day, in a transient fog without rain, there shall not be any depression what¬ 
ever of the wet bulb; while in the course of the twenty-four hours there may be a 
great depression. For instance, at noon, on the 21st of December 1847, there was not 
any depression, but at 9 the next morning there was a depression of 3°*2, the mean 
being 1°*6, while the mean of the twenty-four hours was O 0 '7. At the former hour 
there was a fog, at the latter, partly a blue sky. Again, at 5 p.m., on the 21st of No¬ 
vember, the depression was l°-5, but at 8 p.m. the depression was 10°'9, the mean 
being 6°*2, the mean of the twenty-four hours 7°*S; in both cases there was nearly a 
bine sky. At noon, on the 21st of July, there was not any depression in a fog; at 
5 a.m. of the 22nd a depression of 2°-0, and yet it was raining. On the 21st of April, 
at 8 p.m., the depression was nil, an hour after it was 5 0, 5; at both hours with nearly 
a blue sky, while at 7 a.m. of the 22nd the depression was 9°5, with a cloudy sky. 
Supposing these to have been the only observations available for the respective days. 
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could any of them or their means have been safely taken to express normal condi¬ 
tions? Professor Orlbbar, in his Meteorological Observations at Bombay for 1846, 
gives proofs of the necessity for caution in the use of the wet bulb: in the first place, 
he was obliged to abandon the records of the air-thermometer attached to the wet bulb 
from the irregular depression of the former, by the cold of the evaporating surface of 
the latter; and in the next place, on the comparison of the action of two wet bulbs, 
one inside the observatory and the other outside, he records discrepancies in March 
ranging from 3°*2 plus to 2°‘6 minus; the comparisons in April and May exhibited 
minor discrepancies, excepting on the 27th of April at the 18th hour, when the dis¬ 
crepancy was 3° minus. Professor Orlebar having used Daniell’s hygrometer 
simultaneously with the wet bulb for eight months in 1846, the means of comparison 
are afforded, and the following Table exhibits the results. I have taken the two daily 
observations at 9 h 12 m a.m. and 3 h 12 m p.m. on the first day of each month for the com¬ 
parison. 
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i 


... . I 

Fraction of saturation 

Dates. 



Thermometers. 

Dew-point by 

xension oi 

or per-centage of 









vapour by 

moisture in the air by 







Wet 

Danikll’s 

Wet 


Wet 

Dakikia/s 

Months. 

Day. 

hours. 

Barometer. 

Dry. 

Wet. 

bulb. 

hygro- 

bulb. 

hygro- 

bulb. 

hygro- 






meter. 

meter. 


meter. 

January . 

1st 

h m 

9 12 

in. 

30-092 

79- 

72-8 

O 

70 

66-8 

0-726 

0-655 

76 

671 


8 12 

29-942 

83*5 

73-3 

68-6 

69-9 

0-695 

0-724 

62 

64} 

February ... 

1st 

9 12 

29*987 

76-3 

71-6 

69-4 

WflM 

0-713 

0*801 

80 

90 


3 12 

29-879 

80-4 

EtO 

68-05 

71-0 

0-682 

0-751 

67 

74 

Mareh. 

Lt 

9 12 

30*003 

79-6 

73*5 


75*1 

0-746 

0-856 

7H 

70 

86} 

78 


3 12 

29-878 

83-3 

75-6 


75*5 

0*785 

0-867 

April . 

1st 

9 12 

29-899 - 
29*804 

84*4 

75*4 

74*2 


73-5 

0-765 

0*814 

66} 

54 

70} 

63} 


3 12 

87*6 

73-1 

0-684 

0-803 

May . 

1st 

9 12 

29*834 

29*731 

92-5 

96*8 

80*8 

76*55 

80-8 

0-897 

1*027 

60} 

50 

69 


3 12 

80*5 

74-4 

76-9 

0-838 

0-907 

54 

June . 

1st 

9 12 

3 12 

29*748 

29-668 

83-2 

80*8 

80*0 

81*5 


1*049 

90 

94} 

75 


90-7 

84-4 

82-45 

81-5 


1*049 

78 

July . 

at| 

9 12 

29*615 

29*585 

81*4 

80*0 

79*2 

78*5 

0-976 

0*955 

90 

88} 

9H 


3 12 

81-8 


78-0 

78-8 

0-939 

0*964 

88} 

August . 

2nd 

9 12 

29-728 

81-2 

79*9 

79*45 

78-6 

IjEjljJ* 

0-958 

94} 

92 


Em 

29*678 

84-4 

81-0 

79-85 

77*5 


0*925 

86} 

80} 

September ... 

1st 

9 12 

29*735 

84*0 

mem 

78-6 

77-5 


0*925 

84} 

81} 


3 12 

29*666 

83*8 

HI 

78*7 

76-3 

0-959 

0-890 

85 

79 


These observations having been made by the instructed and practiced manipulators 
of the Bombay Observatory, claim to be worthy of confidence; but we find ourselves 
in doubt which of the two sets to use for the correction of the barometer and to de¬ 
termine the real amount of moisture in the atmosphere. It would appear, that when 
the depression of the wet bulb and of Daniell’s hygrometer is small in the monsoon 
months, their results do not differ very widely, the wet bulb however giving a higher 
tension of vapour and greater per-centage of moisture or fraction of saturation in the 
atmosphere than Danibix's hygrometer; but in the cold and hot months of the year 
mdcccl. 2 x 
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this is reversed; considerable discrepancies occur in the results* and the tension of 
vapour is* much higher (with one exception) and the per-centage of moisture much 
greater by Daniell’s hygrometer than by the wet bulb* the dew-point by the two in¬ 
struments differing from 3° to 5°. On the 1st of February, in the morning* the two in¬ 
struments differ ten per cent, in the amount of moisture in the atmosphere. In the 
afternoon they differ seven per cent., in both instances Danibll’s hygrometer giving 
the greatest amount. On August the 2nd and September the 1st, in the afternoon, the 
instruments differ above six per cent., but at this period of the year the wet bulb gives 
the greatest amount of moisture in the atmosphere and Daniell’s hygrometer the 
least. The greatest depression of the dew-point in the above observations was 22°*4 
on the 1st of May at 3 h 12 m p.m. In a former paper in the Philosophical Transactions 
I mentioned a depression of 40°, from 67° to 2/°, on the 13th of March 1828 at sun¬ 
rise in the Hill Fort of Loghur, and of 61° on the 16th of February 1828 at 4 p.m. at 
Downde near Pairgaum on the Beema river. 

I have put into juxtaposition with this table a comparison of the results of hourly 
observations at Dodabetta of the wet bulb, with the two regular observations made 
on the same day. In November the simultaneous dew-points by the two processes 
are 36 0, 1 and 42°*15; in January 30°*7 and 33°*2; in March 43 0, 3 and 39°*6, and in 
April 42°*2 and 40 o, 95. Whether therefore there be 59J or 69 per cent, of moisture 
in the atmosphere in November; 71 or 611 per cent, in March; or 73° or 78^ per 
cent, in April, nothing short of continued hourly observations, like those at Madras 
and Bombay, will enable the meteorologist to determine. 

Dodabetta.—Simultaneous observations, 8640 feet, on the 21st and 22nd of each 

month. 


| Depression of the wet bulb by 


Hourly 

Twice a dty, 

Dew-point by 

Dew-point by 


observations. 

ditto. 

hourly. 

twice a d»y. 

January . 

9-2 

9*4 

30*7 

33-2 

February . 

1*4 

0*9 

' 49-7 

50*3 

March . 

57 

7*7 

43*3 

39*6 

April . 

5*2 

4*2 

42*2 

40*95 

May . 

1-8 

1*33 

54*2 

55*8 

June . 

0*5 

0*2 

51*2 

5175 

July .. 

0*8 

0*23 

53*15 

53*75 

August . 

0*5 

0*37 

54*35 

55*43 

September. 

0*4 

0*6 

52*95 

53*1 

October. 

0*7 

0*4 

53*1 

52*9 

November . 

! 7* 

6*1 

36*1 

42*15 

December . 

0-7 

0*95 

50*65 

50*65 


Any such high per-centage of moisture however was not the case on the plains 
of the Deccan, where the dew-point was determined by Daniell v s hygrometer. 
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The natives of the Deccan divide the year into three seasons—the Hewalla (cold), 
Oonalla (hot), and Pawsalla (wet) seasons; the per-centage of vapour was in the 

Cold months, Nov., Decern., Jan., Feb.46 j) percent, of moisture. 

Hot months, March, April and May.42£ per cent, of moisture. 

Wet or monsoon months, June, July, Aug., Sept., Oct.. . 77*4 per cent, of moisture. 

But another uncertainty is the numerical value to be given to the wet bulb read¬ 
ings, whether by Apjohn’s formula or by the means of factors, which Mr. Glaisher 
of the Royal Observatory has adopted from a comparison of observations between 
the wet bulb and Daniell’s hygrometer. Dr. Murray, in charge of the Sanatarium 
at Mahabuleshwur, at 4500 feet, observed with the wet bulb for nine years, and has 
given the mean monthly depression of the wet bulb for that period in the Journal of 
the Physical Society of Bombay. He does not give any details of the character of his 
instruments, or with what precautions he used them, and as from 250 to 300 inches 
of rain fall at Mahabuleshwur in the S.W. monsoon months, it might have been ex¬ 
pected that the air would have been much nearer to a state of saturation in those 
months than appears to be the case at Dodabetta in the same months, in which only 
29 to 30 inches of rain fall. Subjecting these observations to the two methods, it is 
seen that the results go very well together with small depressions of the wet bulb 
and at temperatures ranging from 65° to 75°, but with depressions above 10° they 
immediately diverge, and the divergence would increase with greater depressions 
and at lower temperatures of the air. 


Mahabuleshwur.—Nine years’ Means of the Wet Bulb. 



Dry. 

Depression. 

Dew-point by 
Glaisher. 

Dew-point by 
Al* JOHN. 

Tension by 
Glaishbr. 

Tension by 
Apjohn. 

Per-centage 
moisture by 
Glatshbb. 

Per-centage 
moisture by 
Apjohn. 

January . 

i 

9*8 

54*5 


*435 

*418 

mm 

59*0 

February . 

m, 

13-0 

50*1 

47*4 

•376 

*341 


47*5 

March . 

75-3 

15-7 

5J *75 

49*35 

•396 

•365 


42*3 

April . 

78-1 

15-4 

550 

53*8 

•442 

•424 

46*9 

44-9 

May . 

76*4 

9*5 

62* 15 

62-4 

•562 

•566 

62*9 

63*3 

June ... 

70-7 

2-6 

66*8 ' 


•655 

•658 

ssa 

88*5 

July . 

; 

1*8 

66*1 

66*2 

•640 

•641 

91*5 

91*6 

August . 

j ji 

1-7 

64*68 

64-95 

•611 

•615 

91*4 

92*0 

September. 

• Si 


63*58 

63-95 

*589 

•596 

86*7 

87*7 

October. 


■1 

57*96 

58*25 

•489 

•493 

7 If 4 

71*9 

November . 

67-3 


54*98 

54*95 

•442 

•442 

604 

66*4 

December . 

609 

7-8 

54*42 

54-35 

*434 

•432 

66*0 

65*7 

Fifteen years ... 

7^-4 

7*84 

58-64 

58*25 

•500 

*493 

■a 

66*9 


Bearing therefore these discrepancies in mind, it may be justifiable to generalize 
so far only as to assert that two or three (or even four) observations with any meteorolo¬ 
gical instrument within the twenty-four hours, even under favourable circumstances, 
can do little more than give approximations to the truth; and that hourly observa¬ 
tions, extending through four or five years at least, can alone satisfy the scientific 
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meteorologist, to enable him to determine the normal or abnormal atmospheric phe¬ 
nomena of the locality in which the observations are taken; and be will distrust the 
applicability of these local determinations to any other places situated beyond a cer¬ 
tain circumscribed area. 

With these remarks I proceed to consider the hygrometric features of certain widely 
separated stations in India, both at the sea-level and elevated at 1800 and 4500 and 
8640 feet above the sea. The most marked feature is the singularly small monthly 
mean depression of the wet bulb, the high figures of the elastic force of vapour, and 
the great per-centage of moisture in the atmosphere; not only at the sea-levels of 
Madras, Bombay, Aden and Calcutta, but at Dodabetta, at 8640 feet above the sea, 
whether during the"monsoons or during the cold and hot months, which are generally 
supposed to be the dry portion of the year, and the annexed Table exhibits the 
results. 

At neither of the Presidencies is there a mean monthly per-centage of vapour at 
Madras below 67, at Bombay below 66, at Calcutta below 63, and at Dodabetta 
below 51, while the maximum at Dodabetta goes up to 98, and at Calcutta to 94 ; at 
Bombay it did not exceed 88, and at Madras, in two years, it only twice attained a 
mean maximum of 83 per cent, of moisture in the atmosphere. The mean annual 
per-centage of moisture in the air, it will be seen for the years 1843 and 1844, was at 
Madras respectively 75 and 74§, at Bombay 76 and 76, at Calcutta 80 and 84, at 
Aden 71, at Mahabuleshwur 67°‘9, and at Dodabetta, for 1847-48, it was 90°. In the 
Deccan, in 1827, only 55°, as determined by Dam ell’s hygrometer. The dilference 
between the annual mean temperature of the air and the annual mean temperature of 
the dew-point, was— 1 


| Madras. 

Bombay. 

Calcutta. 



Aden. 

Mahabuleshwur. 

1843. 

1844. 

1843. 

1844. 

1843. 

1844. 

1847-48. 


1848. 

Means of 9 yean. 

o 

9 

9-64 

§•65 

§•66 

§•96 

o 

5-3 

0 

3*1 

17-9 

Qj 

12-2 


The $ir at Madras, Bombay and Calcutta, is unquestionably more moist than that 
of the interior; but the feeling and experience so little lead one to expect the high 
dew-points indicated, particularly in the cold and hot months, that some inaccuracy 
of observation or fallacy in deduction might be feared, were not the ability and zeal 
of the observers at Madras and Bombay, combined with the observations being hourly > 
a sufficient guarantee against error. At Calcutta, however, situated sixty miles from 
the sea, the hygrometric observations make the air much more moist even than at 
Madras and Bombay. This is contrary to probability, and may be owing to the means 
of the observations, made only twice a day, not giving the real mean of the twenty-four 
hours. At the peak or ridges of Dodabetta the air would appear to be nearly in a 
constant state of saturation; and there is a possibility in the circumstance, consider¬ 
ing that it is the highest eminence in the peninsula of India and might be expected 
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to attract ranch vapour, nevertheless the greatest quantity of rain does not fall at 
Dodabetta. The mean of the hourly observations once a month, and the mean of 
the two observations daily throughout the year, giving respectively 87 per cent, and 
90 per cent, of moisture in the air at Dodabetta, observation and expectation thus go 
pretty well together, and the records might be satisfactory, were there not doubts 
about the manipulations with the wet bulb. The hygrometric observations in the 
Deccan with Daniell’s hygrometer, which were taken by myself thrice daily, are 
quite in accord with the feelings and with the expectations of the observer, except¬ 
ing for the month of March, in which the feelings indicate the air to be quite as dry 
as in the months of February or April, but which the hygrometer indicates to be 
6 per cent, nearer to saturation than in either February or April. At Aden, in the 
latitude of Madras, on the arid coast of Arabia, where little rain falls, the mean 
monthly and annual per-centage of moisture appears unexpectedly high 5 the lowest 
percentage (60|) is in November, and the next lowest 68$ and 65| respectively in 
August and September. The maximum per-centage was 77i in March, and the 
mean for the year 71. T^nese results have a certain relation to the phenomena at 
Madras, which is destitute of a S.W. monsoon. The mean maximum tension of 
vapour was ‘902 in May at Aden. 

The mean monthly and annual results at the severed stations have no doubt a cer¬ 
tain relation to truth, as it is seen that the per-centages of moisture or fractions of 
saturation in the atmosphere in the different months of the year have an increasing 
or diminishing amount as the several months approximate to, or recede from, the 
monsoon months of the year; this is sufficiently shown at Madras, where the mon¬ 
soon months are the dry months at Bombay and in the Deccan. Nevertheless the 
amount of moisture in the atmosphere, deduced from the observations of the wet 
bulb, is so very great compared with the amount determined by the direct method 
by Danikix’s hygrometer (itself an imperfect instrument) in the Deccan, and at some 
of the stations is so little in accord with personal recollections and experience, that I 
cannot refrain from suspecting some error of observation, some mismanagement in 
the manipulations, or a fallacy in the formula by which the dew-point is deduced 
from the temperature of the wet bulb. The first cause of error that struck me was 
that arising from the proximity of the dry to the wet bulb, as noticed by Professor 
Orlbbar in his Report of Meteorological Observations taken at the Bombay Obser¬ 
vatory in 1846. He had a stand erected out of doors, 6 feet high, and with a thatched 
roof, and every precaution was taken to guard off radiation by layers of cotton and 
tow upon a board under the roof upon which the meteorologic instruments were 
placed; there was lateral access for the air all round. He soon found that the dry 
bulb, in the neighbourhood of the wet bulb, was almost always depressed below the 
n ei g hbouring standard thermometer, and that the depression of the dry bulb was 
greater as the depression of the wet bulb below the standard was greater. Professor 
Orlbbab explains this in the following words:—“This seems accountable only on the 
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supposition that heat is extracted from the air to form the shell of moisture round 
the wet bulb at a distance as far off as the dry bulb.” These discrepancies amounted 
on the 3rd and 14th of November, at the 19th hour, Gbt. mean time:— 

Standard . . . 82*4 Dry . . . 76‘5 Wet bulb. . . 71*8 Diff.... 5*9 

Standard . . . 82-4 Dry . . . 75 4 Wet bulb. . . 693 Diff.... 7*0 

Professor Orlebar therefore abandoned observing with the attached dry bulb. But 
supposing this cause of error to have been overlooked by other observers, the tension 
of vapour and the per-centage humidity would have been recorded by them greatly 
higher than the truth; and if we apply this source of error to the mean monthly and 
annual results in the comparative table I have given;—for instance, to the annual 
mean for Dodabetta, the 90 per cent, is reduced, for the first difference, to 64 per cent., 
and if the correction be made for 7°, by depression of the dry bulb below a standard 
owing to its proximity to the wet bulb, the 90 per cent, of moisture at Dodabetta is 
reduced to 60 per cent. Professor Orlebar says the dry bulb always stood below the 
standard (and he had determined that it was not owing to error in graduation of the 
thermometers), often to the extent of 2°, and even in the monsoon month of September 
I observe that on the 2nd it was 3 0, 4 minus. Any amount of error in depression 
would necessarily affect the numerical determinations of the tension of vapour and 
degree of humidity; but supposing it not to exceed 2°, even this small depression 
would reduce the 90 per cent, of moisture in the air at Dodabetta to 80 per cent. 
Supposing therefore that the same error was not discovered at the other places of 
observation as was discovered in Bombay, there is necessarily some ground for the 
expression of my doubts, whether the air really did hold at the different stations the 
quantity of moisture represented by the figures I have elaborated. But Professor 
Orlebar observed another source of error, contingent upon the locality of the wet 
bulb apparatus, whether placed within doors or out of doors. To determine the 
amount of error he placed a wet bulb within the observatory, observing simultaneously 
with the wet bulb out of doors upon the meteorologic stand. This was done hourly 
for March, April, and to the 10th of May. The reading was almost always plus with 
the wet bulb inside; on the 22nd of March, at 19th hour, to the extent of 3 0, 2, while 
at 18th hour it had been only 0‘2 plus; but there were great irregularities in the read¬ 
ings, being plus or minus dependent apparently upon drafts of air within the obser¬ 
vatory, which would depress the wet bulb or raise it. Also the “ atmosphere within 
the room would tend to keep up a reading at any time to whatever it had been at a 
time preceding," and the latter, Professor Orlebar says, was the principal cause of 
the plus readings in-doors. Supposing this error of 3° to be applied as a correction 
to the reading of the annual means of the wet bulb at Bombay for 1843, the per¬ 
centage of moisture in the atmosphere would only be 65 instead of 76. Hie distin¬ 
guished experimental philosopher Regnault has pointed out the same sources of 
error. He placed the dry and wet bulb in the open air in the court of the College of 
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France, in a closed room in the College, and in the theatre of the College, opening 
the windows. In the open air, with a temperature ranging from 7° - 16 to 17°‘88 Cen¬ 
tigrade, and a depression ranging from 1°*86 to 9°*60, the results, by observation and 
by M. Regnault’s tentative formula*, were sufficiently satisfactory; but in the closed 
chamber he says, “Les fractions de saturation calcul£es avec la formule-f-, sont 
ici beaucoup plus fortes que celles que l’on deduit des pes6es directes de l’eau ren- 
ferm6e dans l’air; en d’autres termes la temperature ( marquee par le thermometre 
mouilie n’est pas assez abaissle par la vaporisation de I’eau que se fait 4 sa surface 
pour donner dans la formule la veritable force eiastique x de la vapeur. Cette cir- 
constance tient (svidemment 4 ce que l’air se trouve beaucoup moins agite qu’4 l’ex- 
terieur.”—Page 219. At page 220 M. Regnault adds, “ Ces experiences demoritrent 
de la manifere la plus evidente que la formule ne peut pas rester la meme pour les 
divers etats d’agitation de Pair." 

Here then is a second source of error; and it is somewhat curious that Professor 
Orlebar, in guarding against another grave source of error, which will be adverted 
to, himself contributes to an error of observation. He had observed the effect of 
wind blowing upon the wet bulb in unduly depressing the temperature, and to guard 
against this he says, “ As it was equally essential that the bulb of this thermometer 
should not be exposed to the wind, and that it should be in the same body of air as 
the air-thermometer when the latter was exposed to the wind, a small mirror, about 
an inch square, was put on a little stand, and this being placed upon the tin board 
could be moved about by the observer into such a position that it might always cut 
off the wind, from the bulb of the wet thermometer only” (page lxiii.). Now the wet bulb 
being thus screened, would be buried in its own vapour and the reading would neces¬ 
sarily be too high. When the air is perfectly calm the same would be the result 
without the screen, for there would be a shell or coat of saturated air round the bulb. 
I had occasion to notice this local character of aqueous vapour in my Meteorology of 
the Deccan, where I constantly witnessed it, as regulated in its distribution by nature. 
Speaking of dew, I said in the year 1828, “At Marheh in the Pergunnab of Mobol, 
garden produce (which is usually irrigated during the day-time) was covered with a 
copious dew every morning; the lands bordering the gardens for forty or fifty yards 
around were slightly sprinkled with it, but there was not a vestige of it in the fields 
constituting the rising ground north and south of the tract of garden land.” Henee 
I inferred that “ aqueous vapour had been taken up by the action of the sun during 
the day, suspended over the spot, and deposited by the lower temperature at night as 
dew upon the land in proportion to the supply obtained by day.” My tents were 
within 200 yards of the fields where I observed these phenomena, but from the 11th 
to the 30th of January 1828, there was not any deposition of dew about them, ex¬ 
cepting on the 13th of January. In consequence of these observations I was induced 
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* Annies de Chimie, tom. xv, p. 218. 
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to remark particularly tbe localities of dew at Poona and in its neighbourhood. In 
September and October J found that when there was not a trace of dew in tbe can¬ 
tonment, there would be a deposition on the fields of standing grain half a mile 
distant, and when there was not any dew either in tbe cantonment or in tbe fields, it 
would yet be found on the banks of running rivulets and on the banks of the Mota 
Mola River; but with respect to the rivulets, “fifteen or twenty feet from the water 
were the limits of the deposition .” 1 gave numerous other instances of the local deposi¬ 
tion of dew proximate to irrigated lands, or in the neighbourhood of water, indicating 
the suspension of vapours over tbe localities, in complete analogy with what occurs 
to the wet bulb thermometer when the air is calm. That agitation of the air is 
necessary to disperse the vapour surrounding a wet bulb, has been noticed by British 
chemists. Brand says (page 111, last edition), (< It is now established that the pres¬ 
sure of air is really an obstacle to evaporation, and that a current is useful, not by 
supplying new quantities of air, but by removing the vapour according as it is formed 
and leaving fresh spaces into which the vapours may expand.” He elsewhere says 
(page 82), “ Evaporation is proportional to the surface exposed; it is also accelerated 
by agitating the superincumbent air, as in the case of a brisk wind, or by artificial 
means. When the air is tranquil the vapour rests upon the surface of the water , and 
it is the pressure of its own vapour on the surface of a liquid, and not that of the gaseous 
atmosphere which stops the process.” M. Regnault has demonstrated the truth of 
this in an elaborate manner. Accounting for the different results of observations in 
a closed and open chamber, he says the wet bulb was not sufficiently depressed in tbe 
closed chamber. “Cette circonstance tient £videmment a ce que fair se trouve 
beaucoup moins agit£ qu’4 l’extdrieur*.” After experimenting in a room with two 
windows open, he adds, as before stated, “ Ces experiences demontrent de la mani&re 
la plus Ividente que la formule ne pent pas rester la meme pour divers foats d’agitation 
de l’air.” (P. 220.) The vapour therefore resting upon the wet bulb is a source of 
error, but the removal of it leads to one much more grave. M. Regnault, in refer¬ 
ence to M. August’s formula, says (p. 207), “ La formule ne tient aucun compte de 
la vitesse du courant d’air; d’aprfes cette formule, la difference de temperature devrait 
fore la meme, quelle que soit cette vitesse. Ce resultat parait impossible a priori. 
J’ai cberche & determiner par des experiences directes, 1’influence de cette vitesse et k 
reconnaitre si, k partir d’une certaine valeur de la vitesse, les differences de tempera¬ 
ture des thermomfetres sec et mouilie deviendraient independentes de la vitesse 
absolue du courant d’air, consequence 4 laquelie on se trouve naturellement conduit 
par le raisonnement que M. August applique au calcul de la formule du psychro- 
nifore.” M. Regnault then describes his apparatus and mode of making bis experi¬ 
ments. He gives two series of experiments; in tbe second experiment the air being 
made to blow upon the wet bulb with a greater velocity than in the first. It will be 
sufficient to give the first and sixth figures of each series. 

* Annales de Chimie, tom. xv. p. 219. 
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1st series. 

0 

1st experiment 14*66 

7*28 

7*38 Centigrade thermometer. 


2nd experiment 14*96 

4*33 

10*63 Centigrade thermometer. 

2nd series. 

1st experiment 21*48 

10*78 

10*70 Centigrade thermometer. 


2nd experiment 21*70 

8*56 

13*14 Centigrade thermometer. 

In Fahrenheit’s scale. 




58-37 

45*10 

13*27 


5893 

39*79 

19*14 


7066 

51*40 

19*26 


7106 

47*41 

23*65 


In the first series, in the second experiment, the wind blows faster than in the first, ‘ 
and the wet bulb is reduced nearly 3°, and the difference between the wet and dry 
bulbs is increased from 7°*38 to 10°*63, while the temperature of the dry bulb is only 
raised 0°*30. In the second series the temperature of the wet bulb is reduced from 
JO°*78 to 8°*56, and the difference between the wet and dry is increased from I0°*70 
to 13°*14, w T hile the temperature of the dry bulb is only raised 0°*22. Upon these 
experiments M. Regnault says, tc On voit que, pour une meme temperature / les 
temperatures ( dependent beaucoup de la vitesse du courant d’air” (p. 209); and he 
further says (p. 210) that these depressions are less than he has found on other occa¬ 
sions with an increased velocity of the air; and on using dry air he found the depres¬ 
sion ^=13°-52 instead of 5°*91, and another depression of 15°*60 instead of 
8°*60. M. Regnault gives other experiments, and finishes by saying, “ II r&sulte de 
tout ce qui vient d’etre dit, que Fagitation de Fair doit exercir une influence tr&s- 
sensible sur les indications du psychrom&tre” (p. 211). The truth of M. Regnaujlt’s 
experiments are borne out by the experience of families in the Deccan (and no doubt 
elsewhere) in India in the fair season, who cool their wine and beer by the following 
simple process down to a temperature the cold of which makes the teeth ache in 
drinking. At any time of the day a thick layer of straw is put down on the ground 
in the shade of a building, but not in the lee of the wind. The bottles of wine or 
beer to be cooled are put upon the straw, some more straw is thinly and lightly 
shaken over the prostrate bottles, and the mass is sprinkled at intervals with water 
through the nozzle of a watering-pot with very fine apertures, thus dewing as it 
were the straw; the force of evaporation and the consequent cold is proportioned to 
the velocity and dryness of the wind; but even with a moderate wind the tempera¬ 
ture of the liquors is soon greatly lowered; and in certain hot and therefore parching 
winds, even at a temperature of the air ranging from 85° to 90° Fahr., I have often, 
at Ahmednugger, had the temperature of the wine or beer (judging from my sensations 
at the moment) approaching to the freezing-point^. In this cooling process we have 

* t. Temperature of dry thermometer. t\ Temperature of wet bulb. 

t My sensations deceived me. While this paper is going through the press, I have received from a friend, 
co mmandin g the Artillery at Ahmednugger, the following results of experiments he made at my request, with 
MDCCCL. 2 Y 
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the bottle of wine or beer corresponding to the bulb of the thermometer; the straw 
lying thinly over it represents the muslin, and the operations of the watering-pot com¬ 
plete the wet bulb apparatus, evaporation does the rest; but as the velocity and dryness 
of the wind regulate this, it is plain that such an instrument can only give uncertain 
and fallacious results when used to determine, with any pretension to accuracy, the 
fractional saturation of the atmosphere. I come now to a source of error in my 
reductions of the wet bulb observations which I have collected in this paper from 
various parts in India, a source of error that may operate with a greater or less 
power as the depression of the wet bulb is greater or less. I allude to the formula 
used for the reductions of the readiugs of the wet bulb. M. Regnault says that 
M. Gay-Lussac was the first to propose the determination of the dew-point by the 
observations of a dry and wet bulb apparatus *, but that to effect the object satisfac¬ 
torily it would require extensive observations upon which to found tables. Subse¬ 
quently to the period of M. Gay-Lussac’s proposition, August, Professor at Berlin, 
occupied himself with the subject and published some papers, in which he sought 
to determine, upon theoretical considerations, the formula by which the elastic 
force of aqueous vapour, really existing in the air, could be found by the difference 
of temperature of a dry and wet bulb thermometer. The dry and wet bulb apparatus 
he called a Psychromfetre. His chief memoir is published in the Annalen der Physik 
und Chemie, V. Band. Leipzig, 1825. It will suffice to say that he considered the 
wet bulb surrounded at all times with a coat of vapour of the same temperature as 
the bulb, which was, he stated, necessarily lower than that of the surrounding air,— 
that the successive supplies of air coming into contact with the wet bulb, parted with 
a portion of their heat and took the temperature of the wet bulb; but on the other 
hand, the air so supplied in vaporizing the water upon the surface of the wet bulb 
took from it a portion of its heat; and a stationary state of the temperature of the 
wet bulb was established by these two quantities of heat balancing each other. 

August’s formula was x= - f -A, where t denotes the tempe- 

rature of the dry bulb (in Centigrade degrees), f the temperature of the wet bulb, 
y the specific heat of dry air, S the density of aqueous vapour, X the latent heat 
of aqueous vapour between the temperatures t and t\ * the specific heat of vapour, 
A the height of the barometer, f the elastic force of vapour in saturated air at the 
temperature t 1 , and x the elastic force of the vapour actually existing in the atmo¬ 
sphere ; x,f and A being expressed in inches, or in terms of any common unit. 

the wet straw process, on the 21st of May 1850, and preceding days. Temperature of air in shade, free from 
radiation, 98° Fahr. Temperature of water in bottles under wet straw exposed to wind 65°, difference *38°. 
The dew-point by Apjohn’s formula would be about 41 0, 7, and by Glaishsr’s factors about 48°*5. My friend 
says, M When the wind does not blow, the temperature of the water in the bottles, under the straw, c ann ot be 
got lower than 71° Fahr. When the wihd blows, the bottles cool to 65° Fahr/* 

* Annales de Chimie et de Physique, 2nd series, t. xxi. p. 91. 
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With assumed values for y, S and X, as the real values are not accurately known, 
and neglecting small quantities, and supposing «=sy 9 August's formula became 

f 0428H . 

640—f 


for the determination of the elastic force and consequently the dew-point, and after 
certain comparisons of the dew-point from his formula with the direct dew-point 
from Daniell’s hygrometer, he found what he considered a sufficient agreement be¬ 
tween them. In a comparative table* of the results by his formula and the results 
by Daniell’s hygrometer, they appear to go pretty well together, while the variations 
of temperature and of the depression of the wet bulb are small; but the moment the 
temperature exceeds 20° Centigrade (68° Fahr.), and the depression exceeds 5° 
(9° Fahr.), the discrepancy is very considerable ; for instance, at bar. 755*3 millims. 
(29*736 inches), dry 28 D *5 (83°*3 Fahr.), wet 21°*1 (69°*98 Fahr.), depression 7°*4 
(13°*32 Fahr.), the tension of vapour by the formula is 14*181 millims. (‘558 in. 
=dew-point 62°), and by Daniell’s hygrometer 12*087 millims. (*475 in.=dew-point 
57°*15), the difference 2*094 millims (*083 in.). Even with a depression of only 0*6 
(I°*08 Fahr.) the tension of vapour by the formula and by Danibll is respectively 
8*612 millims. (*339 in.), and 8*531 millims. (*335 in.), difference 0*078. These 
discrepancies induced M. Regnault to modify, in 1845, nearly twenty years 
afterwards, August’s formula, and he in common with August assumed y=0*2669, 
£=0*622 and *=y, but X=610— t. Substituting these numbers and neglecting 

0*429 (/_ f) 

small quantities, the formula became x—f - sio—f 2 an( * * s this f° riDl tl a that 

M. Regnault tests by his various experiments; and at the close of his able and ela¬ 
borate paper he says, u Je ne pense pas que l’on puisse admettre comme base du 
calcul du psychrom&tre l’hypothfese fondamentale adoptee par August: k savoir, 
que tout l’air qui fournit de la chaleur au thermometre mouill£ descend jusqu’& 
la temperature i indiqu&j par celui-ci, et se sature complement d’humidit£. 
II me parait probable que la portion de l’air que se refroidit ne descend pas jusqu'& 
t\ et qu’elle ne se sature pas d’humidit£. Le rapport de la quantity de chaleur 
que 1’air enl&ve k la boule par vaporisation de l’eau, k la quantity de chaleur 
qu’il perd en se refroidissant, est probablement d’autant plus grand que cet air est 
plus sec, parceque dans cet £tat, il est beaucoup plus avide d’huinidit£ que quand il 
approche de son £tat de saturation. 

“ Enfin, la temperature de la boule mouiliee est influence encore autrement que par 
Fair imm<5diatement ambient, elle est soumise au rayonnement de l’enceinte dont 
l’influence sera variable suivant F6tat d’agitation de Fair. 

“ Il me parait impossible de faire entrer toutes ces circonstances dans le calcul th&>~ 
retique de rinstrument ; est je crois qu’il est plus sage de ne faire servir les consi¬ 
derations th^oretiques qu’& la recherche de la forme de la function, et k determiner 
ensuite les constantes par des experiences faites dans les conditions d£termin6es. Cette 


* Anaalen der Physik, B. v. p. 87. 
2 Y 2 
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mani&re d’op6rer me parait d’autant plus n^cessaire, quit reste beaucoup <Fincertitude 
sur plusieurs des elements numdriques que entrent dam le calcul, no tarn men t sur la 
chaleur spdcifique de Fair, sur celle de la vapeur, et sur la ckaleur absorb de par Feau 
lorsqu'elle se vaporise dam Fair ”—(P. 212.) 

These are the opinions of M. Regnault expressed twenty years after August had 
invented his formula, and after his own elaborate experiments; and I have preferred 
giving them in his own language to free myself from any possible misconstruction in 
translation. M. Regnault thought that August’s formula modified by him, would 
meet some of the difficulties expressed by him in the above quoted opinions, and he 
gives tables of results, which, with a limited range of the thermometer and small de¬ 
pressions, are sufficiently satisfactory; but he candidly admits “ l’accord a beau- 
coup moins parfait dans les bas temperatures et dans Fair tr£s humidein these cases 
M. Regnault says the fractions of saturation calculated are always above the frac¬ 
tions of saturation obtained by direct means, often to a very notable extent. M. Reg¬ 
nault got one of his pupils to try the psychrometer, under considerably diminished 
pressure, on the mountains in Switzerland, but the results were so little satisfactory 
that he does not give a detail of them. He induced also his friend M. Izarn, to compare 
the readings of the wet bulb in the Pyrenees, at a pressure of 700 millims. (27*559 in.), 
with the readings of an hygrometer invented by himself, which he calls “ hygromfetre 
condenseur,” and which he considers to be free from the objections to which Daniell’s 
hygrometer is subject; and in a table given, the fractions of saturation are almost 
always much higher by the wet bulb than by the condenser, the depression in no 
case exceeding 3°*91. In a depression of 1°*97, the differences of the fraction of 
saturation are respectively 0*7542 and 0*7937. Finally, M. Regnault says that his 
modified formula may give the elastic force of x a little too high, and that the coef¬ 
ficient 0*480 might be used instead when the fraction of saturation exceeds 0*40 Cen¬ 
tigrade, but that the coefficient 0*429 gives results nearer to the truth where the 
fraction of saturation is below 0*40. When the wet bulb descends below zero, he 
considers that the value of X should be increased from 610 to 689, but in the present 
imperfect knowledge of the true numerical value of several of the elements he will not 
venture to put forth a new formula for the psychrometer (p. 227 ). Several other phi¬ 
losophers have also given formulae : Burg from observation, *0004528(*—Op; 

Bohnenberger also from observation,/'=/- *0003962(*— F)p ; also Kupffer, Erman 
and Kamtz. , 

On the 24th of November 1834 and 27 th of April 1835, Dr. Apjohn of Dublin read 
to the Royal Irish Academy a very elaborate and able paper upon the theory of the 
moist bulb hygrometer. The results of his observations, experiments and theore¬ 
tical considerations, induced him to adopt the formula 

j j #7 * 3o • 

at p. 436 of the volume of the Proceedings of the Royal Irish Academy for 1840, the 
formula is yZlJL . 

j j e a go » 
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and finally, with the coefficient 

/" aa /--01147(<-Ox^* ! 

and with this formula*)* Colonel Boileau of the Bengal Engineers, in charge of the 
Magnetic Observatory at Simla, to aid meteorologists, has calculated a series of tables 
of the tension of vapour from minus 10 °Fahb. to 170 °Fahb. for 30° of depression of 
the wet bulb by tenths, and for variations of pressure from 19 inches to 31 inches. 
It was these tables I used in the reduction of the preceding wet bulb observations; 
and it was in the progress of their use, during several months’ labour, that at certain 
temperatures doubts were raised in my inind respecting the accuracy of the formula, 
from supposing the fraction of saturation unreasonably high when the depression of 
the wet bulb was inconsiderable, and unreasonably low when the depression of the 
wet bulb was considerable. The tension of vapour at considerable depressions startled 
rue, until at last I found in testing the tables that with a depression of the wet bulb 
of 19° at a temperature of 52° Fahb., and at a pressure of 29 or 30 inches, the results 
became impossible; that is to say, the tension of vapour of the dew-point arrived at by 
the formula had a greater numerical value than the tension of vapour at the tempe¬ 
rature of the wet bulb, e. g. 

Fahr. Bar. 
o in * 

Dry bulb 52 30 

Wet bulb 33 . 20640 

Difference 19=(a)= 01147 (<—0=21794 

It is objected that a depression of the wet bulb of 19°, at a temperature of 52°, 
never can occur in nature but very considerable depressions, both of the wet 

* ArjronN’s formula is expressed in English measures : f" is the force of aqueous vapour at the dew-point; 
/' the tension of vapour at the temperature of evaporation; a specific heat of air; e the latent heat of aqueous 
vapour; d the depression or difference between the temperature of the air and wet bulb (*—/'); p the pressure 
of the air in inches. 

t Differing little from August's formula, and converting it into the measures and scale used by August ; for 
all practical purposes, the two formula are the same. 

+ In a synopsis of nine years' observations of the wet bulb at Malmbuleshwur, the following maximum de¬ 
pressions of the wet bulb occur in the respective months of the year:— 



In a preceding page it was shown that water in bottles under wet straw, exposed to the wind at Ahmednugger, 
cooled down to 65° Fahr., the temperature of the air being 98°, difference 33°, barometer 28 inches, dew-point 
by Amohw 41°*7, by Glaxshse 48 0, 5. 
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bulb and of the dew-point, have been observed even in our damp olimate at tbe 
Royal Observatory at Greenwich. For instance, in the records on the 6tb of April 
1845, at 6 p.m., tbe dry bulb was 52°'6, wet bulb 39°*2, and dew-point by Danibll’s 
hygrometer 22°. The depression of the wet bulb being 13°*4, tbe dew-pomt by 
Apjohn’s formula would be 14°, by Glaisher’s factors 25°'8, and by Danibix’s hygro¬ 
meter it is found to be 22°. Which of these dew-points is to be taken to give the 
real numerical value of the tension of vapour ? At Greenwich, on tbe 3rd of June 1846, 
at 4 p.m., the dry bulb was 79°*1, and the dew-point by Daniell’s hygrometer 44°, the 
depression therefore 35°*1. But I have recorded in the Meteorology of tbe Deccan, a 
depression of 61° of Daniell’s hygrometer taking place before tbe deposition of 
dew; the temperature of the air being 90°, the dew-point 29°, at 4 p.m., on the 16th 
of February 1828, at Downd, near Pairgaon, on the Beema River*. Mr. Glaishbr, 
of the Royal Observatory, a most persevering and able observer, finding from expe¬ 
rience that the formulae in use with a constant coefficient did not give satisfactorily 
the dew-points at varying temperatures and varying depressions of the wet bulb, 
adopted a series of factors quite independent of theory, from the results of very ex¬ 
tensive comparisons of simultaneous observations of the wet bulb with Daniell’s 
hygrometer. These comparisons extended over several years, and through several 
thousand observations. He found that “ the dew-point temperature was so related 
to the temperatures of air and evaporation, that at the same temperature of tbe air, 
the difference of temperatures of air and of the dew-point, divided by the difference 
of the temperature of the air and evaporation, was constant, but that it was different 
at every different temperature.” Arranging several thousand observations made 
during five years at Greenwich, and during three years at Toronto, and taking the 
mean value at every degree of temperature, he obtained a series of factors ranging 
from 8'5 at temperatures below 24°Fahr., up to 1*5 above 7b° Fahr. ; these were 
published in tbe volume of the Greenwich Magnetical and Meteorological Observa¬ 
tions for 1842, 1843 and 1844. In 1847 Mr. Glaisher published bygrometrical 
tables in which some slight alterations of tbe original factors were made, and he bas 
since made some further slight modifications. For the limited range in temperature, 
depression of the wet bulb and pressure, in which the comparisons were made and 
the factors deduced, they are probably the very best agents (at least above the 
freezing-point) for giving a close approximation to the true value of tbe readings of 
the wet bulb; supposing always the wet bulb not to be subjected to the anomalous 
indications noticed by Professor Orlebar and M. Regnault. For considerable dif¬ 
ferences of barometrical pressure, and very considerable depressions of the wet bulb, 
the factors would require further correction. When the dew-point was obtained 
with difficulty by Daniell’s hygrometer, or in otber words, when tbe depression 
of the temperature of evaporation was great, Mr. Glaisher found that bis method of 
determining bis factors would not hold good, which he attributed to certain objec- 
* Philosophical Transactions, Part I. for 1885, p. 184. 
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tions to Danikll’s hygrometer, and to which it is no doubt subject, bat which are 
applicable to all temperatures and all depressions, objections which were urged by 
M, Rbgnault, and which induced him to invent his “hygromfetre condenseur,” an 
instrument which he pronounces to be free from the errors of Daniell’s instrument, 
but the use of which I have not heard of in England. 

I have thus reviewed, in extenso , the possible, indeed the probable sources of error 
in the very high degree of humidity constantly in the air, as represented by the wet 
bulb observations made in India, and I have no hesitation in expressing my belief 
that the results, which I have obtained with the labour of some months, do not re¬ 
present the real fractions of saturation of the air at the several places where the wet 
bulb was observedand I am the more confirmed in this opinion, with respect to 
the Neelgberries, by an officer now in London, who resided some time at Ootacamund 
and kept a meteorological register, who says that if the mean annual moisture in the 
air had amounted to anything like 90 per cent, it must have been most inconveniently 
felt in the clothes, hats, bedding and furniture of the residents; but so far from such 
being the case, that, with the exception of occasional fogs, the hills were looked upon 
as rather dry than otherwise. From my doubts respecting the correctness of the de¬ 
duced fraction of saturation of the air at places in India, with the formulae I have 
passed in review, I may possibly except the observations made in the Deccan with 
Daniell’s hygrometer, which observations have a semblance of truth, although the 
instrument may be imperfect. Even with a comparatively low mean annual per¬ 
centage of 55 of moisture in the air, 1 would say such fraction of saturation was 
rather higher than the truth, for during some months of the year in the Deccan the 
air is so dry that it is difficult to prevent the disposition of the leaves of tables to 
curl up into hollow cylinders, and the nib of a quill pen is always most provokingly 
straddling out into the form of a pair of open compasses. 

By reason of the above-noticed sources of error in the wet bulb itself, and of the 
inadequacy of the formulae to give a satisfactory value to its readings, supposing the 
indications to be correct, I have deliberately not applied any corrections to the read¬ 
ings of the. barometer on account of moisture. But even had the instrument been 
free from error and the formulae exact, I still should have deemed it ineffectual to 
attempt to measure the moisture in a whole column of the atmosphere from a local 
observation* f- with a view to apply to the barometer, which represents the pressure of 
an entire column of the atmosphere, a correction for the tension of vapour Fur¬ 
ther, I have doubts of the propriety of applying to the barometer a correction for 

* Dr. McClelland Bays, “ The wet bulb thermometer would add greatly to the value of these results* but 
there are discrepancies in the register of the instrument in use (at Calcutta) which prove it to be imperfect .” 
_Calcutta Journal of Nat. Hist., vol. v. p. 554. 

f “ This instrument [wet bulb] simply indicates the conditions of the air of the place where it is situated : 
at 100 feet above it the conditions may be very different/*— Glauber's Hygrometrical Tables, p. 16, edition 
of 1847. 

* % The capacity of air to hold water in solution, or in a state of vapour, diminishes with the tempe¬ 

rature. 
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moisture subtractively, even.were the tension of vapour satisfactorily determined for 
the whole pressure. The barometer falls with increasing saturation of the atmosphere 
with moisture, indicating the displacement of comparatively dry air by dilated vapour, 
the density of which is less than that of drier air, and a certain amount of pressure 
is taken off the barometer and the mercury falls on account of the diminished density 
and elasticity of humid air; but as soon as this vapour is condensed into rain the drier 
air resumes its ordinary density and elasticity, and the mercury mounts again. If 
the vapour came simply as an addition to the drier air, the density and pressure of the 
compound should increase, and the barometer should rise; but this is contrary to 
fact. I would therefore not apply a subtractive correction for that vapour, which 
has already acted directly upon the barometer in diminishing pressure by displacing 
denser air. The object of applying any corrections at all to the barometer, on ac¬ 
count of moisture in the atmosphere, is stated to be to “obtain from them the 
pressure of the atmosphere of dry air*;” but as such a state of the air is a physical 
impossibility as long as there is a drop of water upon the earth to be vaporized, as 
evaporation goes on at all temperatures, it may be asked, what practical advantage 
can be obtained from any such determination ? and the more so, may the question 
be asked, when experimenters are not in accord with respect to the numerical values 
of the tension of vapour at different temperatures to be applied as corrections-j-. 

On the whole it appears very desirable that to direct means recourse should always 
be had, if possible, for the determination of the dew-point, to Daniell’s hygrometer, 
or to Regnault’s condensing hygrometer; and short of this, that persevering compa¬ 
risons should be made for years, in extended ranges of temperature, depression and 
pressure, and at different elevations, to obtain a more trustworthy wet bulb formula, 
or an unquestionable series of factors. 


Rain. 

If it were necessary to suggest caution in generalizations from a limited number of 
local observations for the determination of the dew-point, caution is equally, if not 
more necessary in attempting to fix the normal rain-fall even in a narrow area, much 
less in a district or province. For instance, within the limits of part of the small island 
of Bombay, seven miles by two miles, the following is the result of observations with 
nine rain-gauges. The Fort and Esplanade are necessarily proximate; the Observa¬ 
tory at Colabah two miles distant, and the most remote gauge at the Government 
House at Parell, only five miles from the Fort, the other stations being interme¬ 
diate between the Fort and Parell. 

* Glaibhes’s Hygrometrioal Tables, p. 12, edition of 1847. 

t At 32° Fahe. Dalton’s tension of vapour, in inches of mercury, is 0-200, at 95°= 1-59297, atl22°=3-500 in. 
The Physical Committee of the Royal Society adopted for 32° Fahe. 0-186, and far 95°= 1-610, and 122° 
Fahe. 8-542 j Regnault, at 32° Fahr., has 0-18124, audat 95°?*^. 1-64380, and at 122°=3-619. Kabmtz, 
at 32° Fahe., has 0-17999, and at 95 ' Fahe. 1-57789 j of course different results are come at by the use of. 
these different values. 
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Bombay, 1849* Rain-fall. 
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Colabah 

Observatory. 

Fort. 

Esplanade. 

Byculla. 

Chinchpoogly. 

Airy Cottage, 
Mazagon. 

Agricultural 
garden, Parell, 

Parell 

Flagstaff. 
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1*35 

1*06 

0*00 

1*26 

0*82 

1*92 

0*95 
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0*34 
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2*16 
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14 

0*00 
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1*86 

1*70 

0*00 

0*00 

0*00 

15 

0*00 

mK1*k» 

1*57 

1*43 

2*25 

0*00 

1*25 

2*18 

1*30 

16 

4*20 

4*65 

2*10 

3-76 

4*75 

5*00 

3*50 

6-79 

3*70 

17 

4*61 

2*34 

2-60 

2*22 

2*54 

2*25 

3*30 

7-58 

3*35 

18 

0*65 

jn^l 1 

1*01 

1*09 

1*10 

006 

1*35 

3*56 

1*50 

19 

0-16 

2*25 

1*81 

1*34 

0*75 

2*58 

1*65 

3*38 

1*50 


1-77 

5*22 

2*20 

4*55 

4*67 

4*70 

0*90 

1-60 

0*70 

21 

3*34 



0*43 

0*55 

0*74 | 

3*95 

11-10 

4*10 

22 

4*46 

4*28 

4*38 

3*93 

5*11 

4*70 

3*50 

7*66 

3*40 

23 



0*10 

0*13 

0*24 

0*30 

3*80 

5*88 

3*70 

24 

3*62 

4*53 

5*20 

5*22 

6*00 

6*43 

0*43 

0*90 

0*45 

25 

3*93 

10*51 

6-73 


7*30 J 

11*75§ 

5*40 

13*72 

5*50 

26 

5*72 

1*26 

1*50 

0*85 

0*85 

1*05 

4*95 

9*00 

4*90 

27 

1*25 

1-27 

1-86 

3*35 

2*55 

2*70 

1*25 

1*90 

1*25 

28 

2*22 

2*54 

3*00 

2*28 

2*80 

3*25 

6-25 

11*50 

6*10 

29 

2*78 

1*90 

2*50 

2*13 

2*20 

2*90 

2*10 

2*85 

2*15 

1 

1*41 

1*55 

2*15 

1*42 

2*55 

2*70 

2*15 

3*40 

2*40 

31 

2*47 


4*50 

4*57 

3*75 

4*40 

2*35 

3*15 

2*45 

July 

48*67 

■fSSf| 


1 


61*23 

52*50 

102*14)1 

53*00 

June 

23*37 

m 




25*56 

28*54 

46*60 

26*71 

Totals 

72*04 

74*50 

69*89 

68*45 

. 

86-79 

81*04 

148*74 

79*71 


It is seen that in June the fall of rain varied from 19*46 in. at Bycalla to 46*60 in. 
at the flagstaff at Parell, and in July from 46*55 in. on the Esplanade to 102*14 in. 
at the flagstaff at Parell; or omitting this as a doubtful return, to 61*23 in. at Airy 
Cottage, Mazagon ; and the total of the two months varies from 68*15 in. to 86*79 
(omitting the gauge at the Parell flagstaff) at Airy Cottage. I do not know whether 
the investigations were carried out for a whole monsoon, but in case the discre¬ 
pancies continued, it would be difficult to determine the normal fall of rain in Bom¬ 
bay. But the anomaly is not confined to Bombay; Dr. Murray, in a paper published 
in the Journal of the Physical Society of Bombay, No. 9, p. 172, has the following 

♦ Gauge overflowed. + No register kept for first thirteen days—4 inches set down at guess. 

J Gauge overflowed. 

$ The gauge was running over, but this seen^s pretty nearly all that fell. It poured in torrents from 5 p.m. 
on the 25th till 6 a.m. 26th. 

|| The difference here is the same as last month (twice as much of fall being set down here as fell everywhere 
else); and so enormous and unaccountable as to lead to the inference of some tremendous blunder. 
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observations respecting the fall of rain in the town of Sattarah and military canton* 
ment adjoining: “ The quantity of rain in the town of Sattarah usually exceeds that 
in the cantonment, situated a mile N.E., by 6 or 8 inches.” Annexed are the results, 
to which he has added the fall at his own bungalow or house, equidistant between 
the town and cantonment, so that the three localities are within the range of a mile. 


Years. 

1844. 

1845. 

1846. 

1847. 

1848. 

Town Hospital . 

Dr. Murray's bungalow. 

Cantonment Hospital .. 

Hill Fort, above the town of Sattarah... 

36-06 

44-39 

40-24 

38-34 

42*92 

39-52 

31*65 

43-17 

40*98 

39*00 

33-41 

87-81 

39-36 


The increased fall of rain in the town of Sattarah, which is 2320 feet above the 
sea-level, is no doubt chiefly caused by the bill, 3200 feet above the sea-level, upon 
which the fort is situated, rising from the back of the town ; but this will not account 
for the difference in the fall at the Bungalow and Cantonment Hospital. The facts 
show how necessary is a local knowledge of physical features before generalizations 
can be ventured upon safely. 

In my former paper in the Philosophical Transactions I pointed out the remark¬ 
able differences in the fall of rain, twenty to twenty-five years ago on the sea coast, 
at the top of the Ghats, and at Poona, thirty-five miles to the eastward of the Gh&ts. 
Dr. Murray confirms my views in a much more detailed manner than I was enabled 
to attempt, in the following Table for the year 1848 :— 



Bombay. 

Gh&ta. 

j Western Diatneta. 

Eastern district*. | 

Means of 

33 yean. 


Meera, 

Enteah- 

war. 

Sattarah. 

Shore. 

Wye. 

Plml- 

tun. 

Jbutt. 

Hya- 

poor. 

Punder- 

poor. 

Akal- 

kote. 

Sanato¬ 
rium, 
meana 
14 year*. 

Sindola, 

1848. 

Hill 

Fort. 

Town. 

Canton¬ 

ment. 

January . 

February. 

March. 

April .I 

May . 

June . 

July . 

August . 

September ... 

October. 

November ...1 
December ... 

22-26 

25-04 

17-08 

11-25 

1*19 

0*05 

020 

015 

1*31 

3- 31 
46-53 
92-10 
72*33 
3182 

4- 58 
207 
0-05 

3-60 

41-70 

74-28 

47-81 

6 17 
7*23 
4-37 

2-75 

10-93 

22-90 

616 

2-30 

2-75 

1-85 

2-60 

5-98 

19-83 

602 

1-80; 

2*27 

0-19 

2-50 
4-10 
18-77 
5 00 

1- 46 
4-64 

2- 91 

0-80 

0-74 

8-04 

3- 71 
14-64 

2-60 

214 

4- 89 
157 

004 

0-76 

2*79 

3-26 

12-02 

2- 55 
1-40 

3- 28 
1-71 

210 
237 
13-20 
5*19 | 
0-91 
1-50 
4-15 

2-09 

2-20 

9-05 

1-61 

096 

275 

225 

624 

4-30 

2-70 

124 

366 

2*45 

3-59 

1- 59 
3-07 
4*82 
264 
388 

2- 17 

1 

Ka 

1-83 

3- 68 

4- 65 

4- 83 
9-84 

5- 89 
9-30 

Year . 

76-82 

254-05 

185*161 

49-64 

38-69 

39-38 

33-41 

27-81 

29-42 j 

20-73 

2418 

18-17 

25*42 

28-55 

95-45 


With the exception of Bombay and the Sanatarium at Mahabuleshwur, the records 
are for the year 1848. The following are the respective elevations of the places above 
the sea-level:— 


Mahabu- 

leabwur. 

Sindola. 

Meera. 

Enie&h- 

war. 

Sattarah 

Fort. 

Sattarah 

Town. 

Sattarah 

Canton- 

ment. 

Bhore. 

Wye. 

Phultun. 

Jhutt. 

Bija- 

poor. 

P under¬ 
poor. 

Altai- 

kote. 

4500 


9340 

3700 

3200 

2320 

2320 

2350? 

2320? 



2000? 

2000? 

2000? 
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Dr. Murray adds, "The prodigious influence of the Ghflts in modifying the 
amount of the S.W. monsoon rain, is perhaps nowhere more strikingly shown than 
in the N.W. parts of the Sattarah territory. If we draw a line nearly straight from 
west to east, from Mababuleshwur, on the summit of the Gh&ts, to Phultun, a 
distance of little more than forty miles, we shall find at the commencement of the 
line a rain-fall of 240 inches, at an altitude of 4500 feet; 180 inches at Sindola, a 
mile distant, and elevated 4600 feet; 50 inches at Paunchgunnee, at a further distance 
of eleven miles and an elevation of 4000 feet; 25 inches at Wye, four miles further 
east and 2300 feet in height above the sea, while at the extremity of the line at Phultun, 
thirty miles from Sattarah, and about the same level as Wye, the quantity is reduced 
to 7 or 8 inches.” But Dr. Murray must have meant during the S.W. monsoon, as 
he bad previously represented the fall of rain at Phultun at 24*18 in. in 1848, in 
1847 at 24*04 in., and in 1846 at 18*09 in. Some inches of those amounts however 
are attributable to the Madras monsoon, which commences in October, when the 
Malabar coast monsoon terminates, and Phultun, from its easterly position, gets an 
uncertain sprinkling from the Madras side. 

Dr. Murray, with a view to show not only the discrepancies in the total annual 
fall of rain at places within comparatively limited distances situated on the plateau 
of the Deccan, but the remarkable contrasts in the monthly fall at two proximate 
places, has given the following Table of the fall of rain at Sattarah and Phultun for 
1846 and 1847, Phultun being thirty miles east of Sattarah :— 



Sattarah. 

i| Phultun. j 

1846. 

1847. 

j 1846. 

1847. 

January . 

0*18 


j 

( 


February . 

0*18 


i . 

0*02 

March . 


0*18 

| . 

0*52 

April . 


10*88 

1 1*44 

4*19 

May . 

3*49 

0*39 

1-06 

2*88 

June . 

10*49 

3*77 

1 3*80 

1*53 

July . 

16*04 

6*28 

1*95 

0-84 

August . 

2*13 

2*68 i 


0-50 

September. 

0-77 

3*55 - 

1 1*05 

2-00 

October. 

2*98 

5*25 

2*50 

3*06 

November . 

0-98 

8*00 

5*04 

4*60 

December . 

2*46 

0*05 

1*53 

0*89 

Year . 

39*52 

40*98 

18*09 

24*04 


Dr. Murray, in a paper published in the autumn Number of the Journal of the 
Physical Society of Bombay for 1849, adds to the proofs of the extraordinary discre¬ 
pancies in the fall of rain in proximate localities. He states (page 18), "At the Sana- 
tarium at Mababuleshwur, at 4500 feet, the rain-fall during 1848 was 245 inches, 
being within 3 inches of the average fall during the preceding twenty years. At 
Sindola, the residence of Mr. Frere (the British minister), situated a mile east from 
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the Sanatorium, about 100 feet higher, with the intervening eminence of Mount Char-* 
lotte rising to a further height of 100 feet, the qaantity of rain did not exceed 185 
inches during the same period; hence a difference of 60 inches or 24 per cent, at 
two houses situated at the same station . The position of the ground explains the 
difference, but probably few people, on examining the localities, would have antici¬ 
pated its amount. It shows the supreme importance of instituting multiplied obser¬ 
vations, before deciding on the site of a sanitary hill station.** 

To add to the means of comparison, some other rain-fall localities from the sea- 
coast, and Konkun, or country between the Gh&ts and the sea,—from the Gh&ts and 
from the plateau of the Deccan, are annexed, being the mean fall for the years 
1844-47. 


Sea-coast of Konkun. 

Konkun, 
somewhat inland. 

Western Gbits. 

Western 

Ghits, 

East 

branch. 

Pcccan. 

Bombay, 
sea-level. 

Rutna- 
gherry, 
150 foot. 

Tanna, 

sea- 

Itvel. 

Dapoolee, 
000 feet. 

Kundalla, 
1740 feet, 
1833 and 
1835. 

Mahabu- 
leshtrar, 
4500 feet. 

Paunch- 
gunnee, 
4000 feet, 
1835, 181V 
and 1843. 

Satta- 

rah, 

2320 

feet. 

Kola- 

&?: 

Poona, 

184 V 
feet. 

Nasaick. 

Bel- 

gaum, 

2000 

feet. 

. 

Dhar- 

wur. 

Ahmcd- 

nugper, 

1000 

feet. 

Shola- 

poor, 

1847 

68*73 

114-55 

jj2j| 

134*96 

141-59 

254-84 

50-69 

39-20 

2074 

1902 

2672 

4090 

38*81 

21-83 

32-16 


Tanna and Dapoolee are situated between the sea-coast and the foot of the Ghats. 
Kundalla is on the crest of the Ghats on the high road from Bombay to Poona. The 
places in the Deccan lie eastward of the Gh&ts. Arranging the above places accord¬ 
ing to their supply of rain, it appears the greatest fall is on the crest of the Ghats, 
increasing from 141*59 inches at Kundalla at 1740 feet to a mean fall of 254*84 
inches at Mahabuleshwur, at 4500 feet. From the crest of the Gh&ts the supply of 
rain decreases towards the sea-coast westward, but decreases in an infinitely greater 
ratio eastward on the plateau of the Deccan. Along the coast the supply of rain 
diminishes with the increase in latitude. 

In further illustration of the unequal fall of rain in the Bombay Presidency, the 
returns for May, June and July 1849 are annexed. They are the latest I have re¬ 
ceived except from Bombay. 


| I 



Surat. 

Nassick. 

Asseerghur. 

Ahmedabad. 

Phoonda 

Gh&t. 

Mshabu- 

leshwur. 

Paunch* 

gunnee. 

Calcutta. 

May . 

June . 

July . 

0*00 

22*82 

51*68 

0*405 

9*055 

6*425 

m 

KWH 

0*00 

8*63 

7*03 

0*23 

5*45 

16*31 

2*03 

4*10 

7*62 

0*00 

50*00 

83*00 

0*00 

59*90 

89*24 


6*00 

13*0 

8*25 

Total . 

74*50 

15*885 



21*99 

13*75 



11*95 
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To General Cullen of the Madras Artillery, and British minister, with the Rajah 
of Travancore, I am indebted for the following comparison of rain-fall at stations on 
the coast of Malabar and Coromandel:— 



1 Hi? 


feet. Cochin. 



30 feet. Quilon. 

mu 

1*42 

3-30 

1-17 

0*47 

1- 82 3 30| 22-24 

0-50 9 85 24*62 
0-55 070 8*15 

4-65 0 25 4-85 

2- 90j 1 *60 2270 

16 001 
26-52 
15-55 
13-80 
17-65 

8- 65 
20-72 

575 

9- 55 
10-55 

Means. 


0-94 

0-33 

1-98 3-14 16*51 

17*90 j 

j 11-04 


30 feet. AUcpy. 


50 feet. Cape Comorin. 


60 feet. Vaunoor, close to 
Cape Coiuorin. 


136 feet. Trevandrum. 





1842. 

1-15 

0-25 2*92 

2-50 

27-67 

20-00 

1843. 

3-20 

075j 6-90 

5-75 

30-12 

32-80 

1844. 

0-37 

2-87' 2-55 

3-00 

24 33 

23-12 

1845. 

4-92 

0-50 8-80 

2-65 

17-80 

2520 

1846. 

000 

170 0-20 

3 15 

31-45 

29-00 


8-601 

7-42 

7'45 

515 

670 

2-37 

3-95 

0-45 

3-80 

130 

mm 

3 34 


2-28! 2-27'106-06 


4- 87 7*47 . 81-06 

5- 85 2-15 1-00 105-72 

13-25 3-25 3-60 60-57 

15-35 1-85 3-70 61*70 

9-40 4 75 0-10 74-75 


1-93 1-21 4-27 3*41} 26-271 26 02 



••• 

... 6-50 


1-20 

0-90 

1-30 

2 80 

! 

3-30 940 


18 i2. 0 35 0*65 . 2*25 

1843. 1-40 1-00 0-75 0 40 9-90 

1844. . 0-50 0-20 ... 0-90 

1845. 2-75 ... ,3-65 ... 170 

1846. ... ... 0-90 1 65 5-20 



2-12 j 0-97 


370| 0*35 

0-85 

3-60 

0-80 0-02 

252 

8 80 

... ... 

MO 

030 

4-40 077 

3-40 

0-85 

H - 

1-07 

4-02 





6*30 3-05 

3-10 7-52 

375 15-17 
015 18-52 
0 75 17-50 


4-26 3-28 24-67 


8-30 0-35 57-70 

2- 05 11-42 85*45 

4-40 215 47-05 

3- 92 5 00 62-57 

4- 40 2-30 69*92 
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The stations extend along the Travancore or western coast from Cape Comorin, 
lat. 8* 4', to Cochin, lat. 10° 30'. Of the three stations on the Tinnevally or Coro- 
mandel coast, Shenkottah is near Courtallum, immediately at the east base of the 
Gh&ts, and about sixty miles from the sea-coast of Travancore; Palamcottab is 
about thirty miles from the east base of the Gh&ts, is sixty miles from the western 
coast, and in the latitude of Quilon; Vaurioor is only three miles north and a little 
east of Cape Comorin. The western and eastern stations are separated by the Gh&ts, 
whi^h in some places rise to a height of 6000 feet, but within ten miles of Cape Co¬ 
morin they break off into separate groups and peaks of greatly diminished height. 

Bearing in mind the preceding extraordinary discrepancies, not only in the annual 
and monthly fell of rain in the same locality and in proximate localities, I proceed 
to place in juxtaposition the fall of rain at various places in India, from such returns 
as are within my reach, from places at the sea-level and at different elevations above 
the sea-level; and it may well be a question how far even the means of many years’ 
observations in any one locality, exhibit normal conditions for the fell of rain In 
circumscribed areas, much less for districts or provinces. 

The relative positions of the stations on the Malabar and Coromandel coasts having 
been previously stated, it only remains to notice the places somewhat inland. Poona, 
at 1823 feet, is about forty miles eastward of the western scarp of the Gh&ts, ankl 
about sixty miles as the crow flies from the sea-shore. Kotergherry, at 6100 feet, is 
part of the Neelgherry mountains, and lies a little to the eastward of the ridges of 
Dodabetta at a lower level of 2340 feet. Dodabetta is part of the Neelgherries, and 
the highest point of the peninsula of India. Mahabuleshwur, Mercara and Uttra 
Mullay, at the common level of 4500 feet, are nearly in the same meridian, but lie 
between. 9° and 18° north latitude, and are situated near to the western scarp of the 
Gh&ts. (See annexed Table.) 

The first feature of this Table is the almost total want of rain at every station in 
the month of February, with the exception of Kotergherry and Dodabetta, and it may 
be accounted for by this month being intermediate between the times of the S.W. and 
N.E. monsoons; the former, on the Malabar coast, commencing in May and ending in 
October,and the latter commencing on the Coromandel coast in October and ending 
in January. The other two intermediate months, March and April, have very limited 
falls of rain, excepting at Kotergherry, Uttray Mtillay.and Dodabetta, at which 
places the supply is very liberal; indeed at Kotergherry ami Dodabetta the maximum 
monthly fall of the year appears to occur in April, a month that belongs to neither 
the Malabar nor Coromandel monsoons, but as the wind at Dodabetta was almost 
entirely from northerly and easterly points, the supply of rain may be more reason¬ 
ably considered to appertain to the tail of the N.E., rather than to the commence¬ 
ment of the S.W. monsoon. Poona, at 1823 feet, and Mahabuleshwur in the Deccan 
and Mercara in Coorg, at 4500 feet, have scarcely a sprinkling from the N.E. mon¬ 
soon. and the months of December, January, February, March and April, may be 
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considered their dry months; but Mercara, lying much further south than Maha- 
buleshwur, would appear to benefit slightly from the terminal falls of the N.E. mon¬ 
soon, or from the preliminary squalls of the S.W. monsoon. On the eastern or Coro¬ 
mandel coast, the months that are comparatively dry (or rather destitute of rain, for 
the wet bulb won’t admit them to be dry) on the western coast, are necessarily the 
reverse of the eastern, and we thus see October, November, December and January, 
at Madras, and the other stations on the east coast, with a monthly fall of rain 
ranging from 0*90 to 15*13 inches. The mean annual fall at Madras, for twenty-two 
years, from 1822 to 1843, ranges from 18*45 inches in 1832 to 88*68 inches in 1827- 
Calcutta, although within the regular S.W. monsoon, appears to benefit more from 
the Coromandel monsoon in January than any other of the stations noticed in the 
Table. The Tables indicate that as the stations approximate towards each other, 
and lie nearer to the apex of the triangular-formed peninsula of India, excepting at 
Cape Comorin, so do they respectively benefit in an increasing ratio from the mon¬ 
soons of either coast. For instance, Madras derives considerable advantage from 
the Malabar monsoon in the months of July, August and September, while Cochin, 
Quilon, Allepy and Trevandrum, on the Malabar coast, and the mountain stations 
of Uttray Mullay, Kotergherry and Dodabetta, lying between the Malabar and Coro¬ 
mandel coasts, are liberally supplied from the N.E. inonsoon in the months of October, 
November and December, while Mercara and Mahabuleshwur, similarly situated as 
Uttray Mullay and Dodabetta, but in a higher latitude, and nearly in the same me¬ 
ridian, derive scarcely any benefit from the N.E. monsoon; indeed, north of the 
eighteenth parallel of latitude, that is to say of Poona, the rain-fall of the N.E. mon¬ 
soon does not extend, at least as far as the returns I have been able to collect afford 
ine the means of judging. Another feature of the Table indicates that the S.W. mon¬ 
soon does not burst simultaneously along the whole line of the Malabar coast, but 
would appear to creep up slowly from Allepy towards Bombay, commencing in 
fact on the coast of Travancore partly in April, but absolutely in May, and rarely, 
if ever, commencing in Bombay before the first week in June; the S.W. monsoon 
therefore on the coast of Travancore and Malabar, precedes the time of its occur¬ 
rence at Bombay by a month at least. I had thought that along the coast the 
quantity of rain diminished as the latitude increased, and the large annual fall at 
Allepy and Cochin, compared with the fall at Bombay, seemed to justify the opinion; 
but the fall at Cape Comorin, Trevandrum and Quilon, does not justify the opinion; 
and supposing that any such law held good on the Malabar coast, it plainly has not 
any existence on the Coromandel coast. It is certain, however, that as the tropic is 
approached on the western side of India, the annual fall of rain sensibly diminishes 
along the coasts of Kattywar and Cutch; and at the mouths of the Indus, not only is 
there no trace of the S.W. monsoon, but Lower Scinde would appear to resemble those 
singular tracts on the earth, the Deserts of Sahara and Gobi, and the coast of Chili, 
denominated “ rainless.” I regret not having been enabled to get more than one re- 
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gijlar meteorological register from the military cantonment at Knrrachee, situated near 
one of the mouths of the Indus; but the scanty information supplied to me affords 
sufficient proof that if Lower Scinde does not belong absolutely to the rainless districts, 
it approaches veiy nearly to them. Unfortunately, neither in the large cantonment at 
Kurrachee, nor at other stations in Scinde, up to 1849 were regular meteorological 
registers kept, excepting perhaps for mere temperature, or if kept they were not made 
available to the public. Casual observations have been made and sufficient attention 
paid to the rain-fall, or rather the absence of it, to enable us to say definitely, that to 
Lower Scinde the S.W. monsoon, in its usual sense, does not extend, and that the 
country does not appear to have other sources of supply. The following Table is 
arranged from the details in a letter dated Kurrachee, July 6th, 1848, noticing the 
occasional showers that fell from April 1847, a pluviometer having been set up, but 
apparently for very little purpose :— 


Register of Rain at Kurrachee, from April 1847 to July 1848. 


| 1847. 

1848. | 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Not. 

Dec. 

Jan. 

Feb. 

March. 

April 

May 

June. 

Jul). 

None. 

None. 

A shower. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

A few drops. 


It thus appears, if the register be correct, that in fifteen months only two showers 
occurred, and those so light as not to be appreciable by the pluviometer. 

The following extract from a subsequent letter, dated 1st of September 1849, to a 
certain extent is in harmony with the previous record :— 

“ We have had a few smart showers lately. Ever since June it has been constantly 
threatening rain; the sky has been always overcast, and both in July and August 
showers fell, but the whole fall for the season has hardly amounted to 3 inches; and 
yet in Upper Scinde, at Mooltan, in the Punjab, and generally in India, where the 
S.W. monsoon prevails, the usual averages have in some places been doubled.” 

In this year, at Bombay, the unusual quantity of 118*88 inches fell. The only other 
part of Scinde from which I have any record is from Kotri near to Hyderabad on 
the Indus, and the return transmitted to me is annexed. The public duties of the 
observer called him occasionally away from his station and prevented a continuous 
record, and it is only for 1846 that a year’s observations are complete, and in 1847 
four months were omitted. 
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Extract from a journal kept at Kotri near Hyderabad on the Indus, by Mr. Strath, 
engineer; for the months entered the blanks indicate the months of no observation. 



1845. 

1846. 

1847. 

1848. 

1849. 

January .. 


None. 

None. 


None. 

February ... 


None. 



None. 

March . 


* 

None. 


0*35 in. 

April . 

May .. 


None. 
1*75 in. 

t 

None. 


II 

June ......... 


6*33 in. 



July . 


0*27 in. 




August . 


None. 

t 



September ... 


None. 

None. 

None. 


October. 


None. 

None. 

§ 


November ... 


None. 

None. 

None. 


December ... 

None. 

None. 

None. 

None. 




8*35 in. 



0*35 in. 


I am enabled, however, since the preceding notices were written, by the arrival in 
England of the medical returns from the Bombay army for 1847, to give an official 
and authentic record of the rain-fall and temperature at Kurrachee for 1847. It will 
be seen that for eleven months not a single shower fell, and that in one month only 
did rain fall, the record being in accord so far with the letter dated 6th of July 1848, 
differing, however, inasmuch as the rain in the official report is represented to have 
fallen in June and the latter in July. 


1847. 

Thermometer. 

Rain. 

Rain. 

Max. 

Min. 

Mean. 

January . 

February ... 

March . 

April . 

© 

83 

74 

84 

84 

53 

59 

70 

75 

77 

80 

78 

82 

80 

72 

59 

44 

67 

67 

77 

79 

83 

87 

84 

88 

86 

80 

72 

63 

in. 

M|H||||Sp||HM 

May . 

90 

94 

90 

95 

90 

93 

91 

83 


June . 


Julv . 


jfi| 


Mean.. 

88*42 

69-08 

77*75 




a | 

- 1 


In a review of the above rain-records we find some singular features. Along the 
western coast of India, from Cape Comorin to the mouth of the Indus, there is a 
paucity of rain at the former place, and an almost total absence of it at the latter, 

* On the 4th of this month a few drops of rain fell at sunset, 
t Rain during the night and light showers during the day. 

X At sunset drops of rain. 

$ At f.m. of the 7th heavy showers of rain with wind, thunder and lightning. 

|j On the 80th light showers. 

3 A 


MDCCCL. 
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while'afewmilesifrom'Cape Comoriw the annual supply amounts tolls inches; and 
is tfeelatftude'ofBombay it doesnotfaH below a mean of 76-82 inches for the mon¬ 
soon atone, bu (/proceeding a tong! the coast northwards the supply further diminishes, 
or becomes 1 irregular and uncertain in quantity, and at the mouths of the' Indue 
almost disappears. -'Along theCbromandelcoast the N.E. moriSoon does not appear 
to supply much more than one-half : ef the faH on the Malabar coast, the mean of 
twenty-two years at Madras being 44*57 inches, tbe quantity slightly increasing with 
the latitude from Cape Comorin. " Another marked feature is tbe greatly increased 
fall pf rain with the increased elevation above the sep-level pfthe place of, observa¬ 
tion up to a certain height, beyond w^iich the quantity of ram ( gradually diminishes 
as the placp of observation is gtor^eleyated,; at least such are the indications in the 
tract of land which lies between the sea-shore and the base oftt\e Gh&ts between Cape 
Comorin and Goozerat, and along the western face pf the Ghkts themselves. T^he ob¬ 
servation dqes not hold good however oh the elevated lands to the eastward of tbe 
crest of tbe Bombay and Malabar Gh&ts. Along the sea-coast the falls vary from 
28*35 inches at Cape Comorin to 113*26 inches at Allepy, but increase at stations 
nearing t(>e Ghkts at different elevations to more than 300 inches at 4500 feet, and 
above that height the falls gradually diminish in quantity. For instance, the 


inches. 

Mean of seven stations at sea-level, vrtestertl co&st, is.8170 

At »150 feet, Rutnagherry, in the Kottknn .114*56 

At 900 feet, Dapoolee, Southern Konkun.134*96 

At 1740 feet, Knndalla, the pass from Bombay to Poona. . . . 141*59 

At 4500 feet, Mahabuleshwur, means of fifteen years. 254*05 

At 45t)0 feet, Mercara in Coorg, means Of three years.143*35 


At 4500 feet, Uttray Mullay*, in Travancore, means of two years. 263*21 
At 6100 feet, Kotergherry,on the Neelgherries, one year. . . . 81*71 

At 8640 feet, Dodabetta, highest point of Western India, one year 101*24 

Hence the elevation of the line of maximum fall would appear to be about 4500 feet, 
and above this level the supply of rain is diminished; Mahabuleshwur, Mercara and 
Uttray Mullay, although differing greatly in latitude, lie nearly in tbe same meridian, 
and are aM at the same elevation.' The comparative small fall at Mercara'is ac¬ 
counted for by the fact of its not being so near the western scarp of the Ghfits as 
Mahabuleshwur and Uttray Mullay, and tbe effect of a station being placed a few 

* Since the above was written I have received a letter from General Coi.lkk, dated Trevandrum, 6th of 
January 1850, giving an account of the fall of rain for 1849 at the Uttray Mullay ; wage. ' 

■ inches. ‘ 't 

, At 50Qfeet, bftfe ofrange,,,...,. . 39, , . 

At 2200 feet, Attagherry..,..,,, 
i,., , At 4500 feet, Uttray Mullay .. 240 

* At«90C»-feM;*ttt ' • : 

Showteg 1 dt 8000 feet a AO df 46 inches !<#*■ bf Wb than at WtOO jpfct 1 .!! ‘ > . >t’> ! ■> ' 













m 


.; f X:... M.,„n ^MeiWA’PWBW (RWf » M n y j\/<n } 


ntlles «ait>*£ the Gbfe* upon the fiill ofiraio bus, already been shown at> Mababu- 
leabwur and Paunchgunny* the latter place being: eleven mile*. eastward oC the former, 
and at a lower level of only 600feet, yet the meaafall of 15 years at Mahabtdeahwur 
was25405 inches, and of the latter 50*69 inches, la 1849 the contrast was still 
greater, 4he fell at Mahabuleshwur amounting to the enonnons quantity of 338*38 
inches, whileat Pauachgnieay only^S incbes felL i 

vi I i). , 1 5., i , t, ■ ■ ■(,. 


• Mairi at different Elevations. i \ . < 

Mr. Miller, in his Meteorology of the Lake Districts of Cumberland and West¬ 
moreland, has adduced sufficient evidence to prove that the sahie law, if it ben law, 
obtains tn England in mountainous districts, but Mr. Miller’s elevation of maximum- 
fell is about 2000 feet Instead' of 4600,' as Tri India.’ 'This difference no doubt results 
from the differences of latitude and consequent' mean' temperature, and would indi¬ 
cate that the stratum ofvapour supplying the maximum quantity of rain floats‘at a 
less height beyond the* tropics than'within them. 

In a communication from Mh Miller, dated June 7,1849, he gives as follows the 
fall of rain at different heights in the Lake Districts of Cumberland and West¬ 
moreland’. 


“ The. Mountain Gauges. - • 



“ From the table for the summer months, it appears that between the 1st of May 
and the 31st of October, the gauge at 1290 feet has {received 20$ per cent, more rain 
than the valley; at 1334 feet, 16$ per cent, more; at 1900 feet, 41$ per cent, more; 
at 2928 feet, 6 per cent, less; and at, 3166 feet, 1 per .cent. lees, than the valley. 

“ In the winter months, the gauge at 1290 feet has collected 0*5 per cent, more; 
at 1344 feet, 5$ per cent, more; at 1900 feet, 1 per'cent, more; and at 2928 feet, 
42$ per cent, less than the adjacent valley." , ' 

These results are in accordance with the observations I have given from India. In 
addition to the preceding from Mr. Mills a, {.annex his rain-records at lower levels 

3 a 2 
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for the yean 1845, 1848, 1847 sod 1848, as they confirm, from European localities, 
the facts I have stated respecting the great discrepancies in the fall of rain at proxi¬ 
mate stations. 


Fall of Rain in the Lake Districts of Cumberland and Westmoreland at various 
heights op to 3166 feet. Wind almost uniformly from a westerly quarter. ■ 



These records attest that in the town of Whitehaven the difference in the fell of 
rain in the High Street and on the steeple of St. James’s Church in 1845, was 15*727 
inches, and in 1848 the difference was 10*998 inches, while at the Flosb, only three 
miles south of Whitehaven, the fall was in excess in those years respectively over the 
fell in the High Street, 2*873 inches and 13*478 inches, while the excess over the fell 
on the steeple was 19*600 inches and 24*476 inches. In Borrowdaie also, in a field 
adjoining a garden, in the years 1847 and 1848, the fall was in excess in the garden 
of 2*44 inches and 3*67 inches respectively. These facts suggest caution to all ob¬ 
servers in other parts of England and elsewhere. 

Professor Phillips for some years made observations at York on the top of the 
Minster, the Museum, and on the ground, to determine the effect of elevation upon 
the rain-fall, bat objections being taken to the results in respect to eddies of wind and 
other causes of error, he lifted rain-gauges into the air, independently of buildings, and 
the results of the observations for tbe years 1843 and 1844 he communicated to the 
British Association at York in 1844. * 

The sums of tbe rain-fall in the two years at different heights were,— 


inches. 

24 feet.24*158 

12 feet. 26*039 

6 feet.26*109 

3 feet. 26*298 

1^ foot. 26*559 


The nearer the earth, therefore, the greater the amount of rain collected. Mr. Mil¬ 
ler’s records at Whitehaven, giving for four years tbe amount of nun collected in 
the High Street and on the Church Steeple, confirm Professor Phillips's observations, 
supposing the steeple to be 78 feet above the High Street. At Calcutta, in tbe 
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Surveyor-General’s Office, similar observations were mads at tbe respective heights 
of 4 feet and 40 feet, and I have inserted the results in the general rain-fell Table for 
four years. Hie sums were respectively 261*97 inches and 247*41 inches, and the 
annual means 65*49 inches and 61*85 inches. 

Dr. Buist states that at the observatory in Bombay, in two rain-gauges, one at 
3 feet from the ground, and the other above the observatory at 32 feet, the 

inches. 

Lower gauge for 1843 . . . =56 24 

Upper gauge for 1843 . . . =49*07 

Lower gauge for 1844 . . . =66*51 

Upper gauge for 1844 . . . =66*08 

These results therefore are in accordance with Professor Phillips and Mr. Miller's 
observations, taken at limited heights, but entirely antagonist to Mr. Miller’s own 
observations and those I have supplied in this paper from India for heights exceeding 
a few hundred feet. The supposed law may hold good for small differences in eleva¬ 
tion on the plains, but the law is reversed in mountainous districts. 

Two great features of my Rain-table demand express notice, the paucity of rain at 
Cape Comorin and at Kurrachee, at the extremities of nearly the same meridional 
line, and the prodigious fall of rain at the elevation of 4500 feet at three stations dif¬ 
fering greatly in latitude, but situated nearly in the same meridian. I have not any 
satisfactory explanation to offer of the want of rain either at Cape Comorin or at 
Kurrachee. I am not at all acquainted with the physical character of the country 
about Cape Comorin, and cannot therefore express an opinion how far local circum¬ 
stances occasion the phenomenon. I had thought that a very high mean tempera¬ 
ture, with a limited range of the thermometer, might account for the want of rain 
at Kurrachee on the Indus, the vapour from the ocean not coming into an air cold 
enough to condense it; but the register of the thermometer for 1847 at Kurrachee 
shows that I could not found a satisfactory argument upon its records, for the 
maxima are not so great as at Calcutta, Madras and Bombay; the minima are lower, 
and the mean temperature is lower than at either of the places; some other cause 
therefore must be looked for than a high mean temperature. The clouds which con¬ 
stantly pass over Kurrachee, would appear not to be condensed until they impinge 
upon the Sulimanee Mountains, which run parallel to the right bank of the Indus. 
The explanation of the prodigious fall of rain at the level of 4500 feet is simple and 
satisfactory. The chief stratum of aqueous vapour brought from the equator by the 
8.W. monsoon is of a high temperature, and floats at a lower level than 4500 feet; indeed 
I have looked over, or upon, the upper surface of the stratum at 2000 feet. It is dashed 
with considerable violence against the western mural faces of the Gh&ts, and is thrown 
up by these barriers in accumulated masses into a colder region than that in which it 
naturally floats; it is consequently rapidly condensed and rain falls in floods. The 
uncondensed vapour which escapes up the chasms and over the crest of the Gh&ts, 
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afibrds the precarious and scanty supply tq the lands to the eastward, which the 
Tables show. 

Maximum Daily Rain-Fall. ' f 

As might be looked for, the greatest fall of rain in any ope day it met with n the 
records of those stations where there is the greatest annual jfoll, Mababulesbwu r and 
Uttray Mullay. At the former station the greatest fall in any one day in afteen 
years was 13*06 inches on the 2nd of September 1833, bnt the months of Junej July 
and August, have numerous instances of a daily foil of 11*32 inches, 12*76 inches, 
and 12*69 inches in those months respectively. The greatest monthly foH at l}faha- 
buleshwur was 134;42 inches in July 1840. At Uttray Muliay the greatest daily fall 
in three years was 15*1 inches on the 14th of October 18^5. On the 11th of De¬ 
cember of the same year there was a fall in one day of 11*4 inches, and on the pth of 
October 1844 the fall in one day was 9*0 inches. In 1846 ihere whs not a daily fall 
approaching these figures. In Bombay, in 1845, the greatest daily fall was 4*71 inches 
on the 24th of July, and the next year, on the 16th of July, a daily fall occurred of 
5*16 inches; but Dr. Buist mentions that on the 1st of July 1844 there was a fall of 
rain in twenty-four hours of 7*44 inches, two inches having fallen in seventy minutes; 
but this was on the first burst of the monsoon, which set in later than usual by ’three 
weeks. On the 10th of July, however, 9*43 inches fell, the greatest of the year. In 
the Deccan there is rarely a greater daily fall than two inches, but in the Saftarah 
records a maximum duly fall of 4*40 inches in four years is stated to have occurred 
in April; but this was in one of the squalls which are the precursors of the monsoon. 
Annexed is a comparison of the fall of rain in Bombay and at Mahabuleshwpr for 
many years. 





367 


1.X 


Register of the Pluviometer at Romtay, from tlie year 1817 to 1849. 
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Total fisll in June, 


Yean. 


July. 




July, August, 

U akahnlMYtwnr, 

June. 

August. 

September. 

October. 

September, sod 
October of eadh 

4*00 feet. 



' . . 1 ii; ■ 

i, , (J >, 

*» 

. n >• 

...i.*"* .■, 


1817. 

in. , 

45-72 

&07 ' 

tu. 

9*34 

24-87 ' 

u.f** * i»i 

103-60 


1818. 

22*54 

17*69 

38-45 1 

1<*39 

2H>7 

Ell* 


1819* 

1820. 

15*95 

18*82 

, j SI-66 , 
28-37 1 

s» 


-:rw 

77-96 
' 77-34 


1821* 

15*18 


*8-52 

18-29 


: 82*59 


1822. 

29-64 

38 

33*83, 

22-16 


112*22 


1823. 

fl-76 

19*711 

4-28 

v*. •> ■ 

61-7* 


1824. 

3*89 

|, -8-07; 

10*86 

. 1*78 

2*37 

33-97 


1825. 

24*45 

25-17 

12*94 

9-68 


72*24 


1886. 

17-75 

26-97 

8*40 

28-50 

‘ 1-87 ' 

78*49 


1887. 

49*15 

10*2$ 

10*51 

„.10-ij6 

0*92 

61*03 


1828. 

23*53 

52*7^ 

17*22 

22*08 

6-40 

121*98 


1829. 

27-86 

19*78 

12*40 

4*95 

0-66 

65*65 

257-06 

1830. 

20-96 

32-46 

10-66 

.7-78 


71-86 

232*93 

1931. 

22-46 

‘87-31 

27-64 

22-34 

2*08 

101*83 

185*82 

1832. 

13-63 

48*05 

4*65 

7*11 

0*65 

74*09 

226*87 

1833. 

12-50 

21*80 

13*35 

23*54 

0*20 

71-39 

203*74 

1834. 

14-16 

21*83 * 

18*05 

12*55 

3*88 

70-47 

297*31 

1835. 

9-99 

4-27 

35*76 

12:17 

*4* 

62-61 

226*71 

1836. 

21-36 

24*53 

37*41 

4*69 


87-99 

243*56 

1837. 

12-61 

24*39 

2*43 

5*15 


64-58 

267*76 

1838. 

29-70 

8-70 

7*34 

6*04 


50-78 

180*17 

1839. 

18-28 

32*19 

18*45 

4*70 


73-62 

233*23 

1840. 

25-04 

24*24 

4*20 

7*55 

2*12 

63-15 

284*43 

1841. 

25-27 

21*21 

20*53 

1*27 

3*21 

71-49 

281*04 

1842. 

16-84 

26*45 

37*10 

10*41 

4*36 

95-16 

304*90 

1843. 

9-33 

22*49 , 

18*20 

9*00 

0*25 

59-27 

285*67 

1844. 

14-17 

35*52 

6*55 

9*16 


65-40 

262*32 

1845. 

19-70 

20*44 

6*56 

8*03 


64-73 

249-93 

1846. 

31-71 

40*56 

5*60 

8*45 

1*16 

87-48 

288*34 

1847. 

35-47 

16*80 

8*92 

5*80 

0*32 

67-81 

218*83 

1848. 

42-37 

13*83 

7*87 

4*01 

5*34 

73-42 

245*01 

1849. 

22-82 

51*68 

13*66 

29*65 

1*07 

118-88 

338-38 

Average for 1 j 
33 years. J 

22-26 

25*04 

17*08 

11*25 

1*19 

76-82 



Note .—The Bombay register is only for the months of the monsoon, and it does not appear that any record 
has been kept of the fall in the other months annually. The record at Mahabuleshwur is for the whole year. 
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Winds at Madras. 

Direction of the Wind at Madras, blowing from the different quarters of the compass, 

from hourly observations. 


■ 

1841. 

1848. 

1843. 

MBSMi 

1845. | 

1 

B 

|Q 

S.E. 

N.E. 

N.W. 

S.W. 

S.E. 

N.E. 

N.W. 

m 



B 


S.E. 

S3! 

N.W. 

S.W. 

S.E. 

N.E. 

Jan.... 





105 

51 

■ 

508 

74 

29 

92 

549 

64 

47 

193 

440 

87 

87 

196 

434 

Feb.... 





95 

124 

887 

229 

23 

82 

434 

133 

45 

92 

ED 

249 

n 

71 

393 

197 

March 

2 

170 

372 

0 

8® 


876 

1 

15 

179 

527 

23 

12 

266 

449 

17 

13 

221 

477 

33 

April 

120 

471 

115 

14 

H 

EH 

869 

HD: 

0 

mm 

488 

2 

15 

836 

451 

19 

3 

380 

335 

2 

May 

57 

EDI 

819 

37 

55 

468 

211 

9 

73 

376 

EE 

35 

67 

486 

815 

36 

73 

437 

mm 

■HI 

June 

86 

539 

86 

9 

86 

447 

133 

H 

88 

553 

76 

3 

196 

397 

84 

43 

228 

396 

51 

45 

July... 

144 

511 

76 

13 

96 

578 

62 

13 

121 

£68 

54 

7 

187 

498 

111 

8 

128 

498 

mm 

■□ 

Aug. 

85 

352 

2SS 

19 

37 

487 

144 

26 

■ED 

494 

117 

3 

IZID 

411 

95 

38 

135 

472 

129 

8 

Sept. 

115 

SS6 

182 

43 

91 

877 

174 

76 

153 

355 

168 

44 

114 

359 

187 

EDI 

93 

371 

228 

28 

Oct.... 

265 

93 

145 

241 

HQ 

203 

221 

219 

194 

183 

119 

248 

171 

251 

125 

197 

83 

274 

889 

158 

Nov. 

232 

16 

58 

414 

139 

16 

34 

531 

194 

2 

11 

513 

836 

HD 

51 

433 

96 

HD 

66 

558 

Dec. 

219 

0 

10 

515 

157 

16 

mu 

EflH 

m 

19 

144 

374 

246 

8 

64 

486 

149 

14 

m 

477 

Total 

... 

... 


... 


3875 

B 

2145 

1262 

mi 

35 

1934 

1493 

_ 

2991 

2340 

1966 

1099 

3161 

3 

1980 


Note. —N.W. includes the winds blowing between N. and W. points, and the same applies to the other 
quarters. 


The prevailing wind at Madras is the S.W., which wind brings to Bombay and the 
Malabar coast their monsoon rains, but which to Madras becomes mostly a hot wind 
after traversing the peninsula, and carries with it to Madras only a few showers. 
The S.W. Wind begins to prevail at Madras over every other wind in the month of 
April, and mostly remains the dominant wind until the end of September: the S.E. 
wind then prevails until October, about the middle of which month the approaching 
N.E. or rainy monsoon of the Coromandel coast almost displaces the S.E. wind. Its 
full development takes place in November, and it remains the prevailing wind until 
February, when the S.E. regains its influence, and is greatly the dominant wind 
until April, when it is gradually displaced by the S.W. wind. The N.W. wind makes 
its appearance in every month of the year, chiefly in the months of the S.W. or Malabar 
monsoon, but least so in the months of March and April, in the years 1841 not in 
March, and 1842 not at all in April; the N.E. wind failed in the same months in the 
respective years. The N.W. is the quarter from whence Madras has the smallest 
amount of wind. The largely prevailing wind is the S.W., which, coming up from 
the equator, is the chief source of rain supply to India generally, but of which the 
Coromandel coast gets but a scanty proportion in consequence of the high western 
Gh&ts intercepting and condensing the chief part of the vapour brought by that wind. 
The next prevailing wind is the S.E., and this equally blows from the equator upon 
Madras and the Coromandel coast; but it is nevertheless not the rain-bearing wind 
of the Madras monsoon, which is from the N.E., sweeping over the bay of Bengal 
from Burmab. The S.W. wind from the Indian Ocean is a rain-bearing wind, but 
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the S.E. wind, also from the Indian Ocean, is not a rain-bearing wind in the sense of 
a inonsoon. By a comparison of the Wind-table with the Rain-table of Madras, it will 
be seen that in the months in which the S.E. winds prevail, February, March, April, 
September, and early part of October, the first three months are almost entirely rain¬ 
less, and the little that falls in September is owing to occasional S.W. winds. This 
may be owing to the air over the peninsula in those months, from the position of the 
sun in the ecliptic being too hot to condense the S.E. vapour. On the contrary, the 
N.E. wind from the bay of Bengal comes loaded with vapour in November, De¬ 
cember and January, and the sun being far south, the peninsula is rapidly cooling, 
and the vapour from the bay of Bengal being of a higher temperature than the air 
upon which it is thrown, is condensed. The valuable table from the Madras Obser¬ 
vatory shows by inspection, the gradual changes of the wind from one quarter to 
another, and the total annual numbers under each quarter show considerable uni¬ 
formity in successive years. 


Winds at Bombay . 

The following Table of the winds at Bombay, for the year 1843, is from the hourly 
observations taken by Dr. Buist, LL.D. Although the numbers of hours at which 
the winds blew are placed under the points N.W., S.W., S.E., N.E., the numbers 
embrace the winds within each quarter of the compass; for instance, N.W. embraces 
all the winds blowing between N. and W., and so on for the other quarters. 



N.W. 

S.W. 

S.E. 

N.E. 

January . 

382 

56 

11 

157 

February . 

397 

15 

32 

132 

March. 

451 

30 

28 

138 

April . 

442 

94 

17 

47 

May . 


273 

12 

1 

June . 

85 

438 

73 

7 

July . 

133 

491 

0 

0 

August . 

184 

460 

2 

3 

September. 

98 

390 

! 43 

53 

October.! 


41 

50 

253 

November .j 

224 

1 

51 

348 

December .1 

130 

0 

64 

382 

Year .| 

3184 

2289 

383 

1521 


The Table shows that the prevailing wind at Bombay, in 1843, was from the points 
between N. and W., having blown at 3184 hours. The next prevailing wind is from 
the points between S. and W., having blown for 2289 hours, being the rain-bearing 
wind of the so-called S.W. monsoon, from May to September inclusive; but in truth 
the wind most generally blows from the W.S.W., with a leaning to a point more 
westward, and a S.W. and by S. wind during the monsoon is of rare occurrence. The 
wind from the points between N. and E. is the next most prevalent. It begins to 
prevail in October, and continues prevalent as long as theNJL monsoon blows at 
mdcccl. 3» 
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Madras, on the opposite coast of India; it may be said to cease entirely when the 
Malabar monsoon approaches in May. The S.E. wind, unlike Madras, is little felt 
at Bombay, having blown at 383 hours only during 1843. Few as the occasions 
are on which it blew at Bombay, it would appear to have resulted from the veering 
of the N.E. wind through E. to a point southward of east; a wind strictly from the 
S. is scarcely known at Bombay. The N.W. wind, which is the dominant wind at 
Bombay and the least prevailing wind at Madras, blows at Bombay most in those 
months when it is least felt at Madras, namely, the first five months of the year, and 
in the months of March and April it almost disappears at Madras; but at Bombay in 
those months it blows at more hours than any other wind blows in any other two 
months of the year, excepting probably the W.S.W. in July and August. In January, 
February, March, April, and up to the third week in May, the wind from the N. to W. 
points blows from eleven to tweuty-two hours daily, the remaining hours having the 
wind from the N. to E. points, constituting the land-wind, the N.W. being con¬ 
sidered the sea-breeze. In part of October, November and December, the reverse is 
the case, the N.E. or land-wind prevailing from thirteen to nineteen hours daily, and 
the sea-breezes appearing between noon and 10 p.m. The suddenness with which the 
prevailing winds commence and terminate is a marked feature in the meteorology of 
Bombay. The wind from the S. to W. points begins suddenly the third or fourth 
week in May, and as suddenly terminates in the first or second week of October. 
The wind from the N. to E. points takes the place of the S.W. wind and terminates 
suddenly in May. The N.W. wind, owing to its being a daily alternating wind with 
the land-breeze, from the heating action of the sun upon the land daily, has a more 
continuous character throughout the year, appearing even in the monsoon months, 
when a few days’ sunshine heats the land ; it is however much less frequent in those 
months than when the sun bears with continued force upon the land. 

Winds at Calcutta. 

With regard to the winds at Calcutta, Dr. J. M‘Clelland, in the fifth volume of 
the Calcutta Journal of Natural History, has given a reduction of the meteorological 
register kept at the Surveyor-General's Office, Calcutta, from the 31st of October 
1843 to the 31st of October 1844 ; from his paper the following extracts are made in 
a condensed form:— 
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Wind st noon. J 

N.W. 

S.W. 

S.E. 

N.E. 

1843. 





November . 

26 

1 

0 

3 

December . 

24 

0 

0 

5 

1844. 





January . 

25 

0 

3 

3 

February . 

23 

2 

0 

4 

March... 

1 

20 

8 

0 

April . 

0 

26 

3 

1 

May . 

0 

24 

4 

3 

June . 

5 

21 

3 

2 

July . 

1 

17 

11 

1 

August . 

1 

17 

13 

0 

September. 

4 

19 

5 

2 

October. 

4 

7 

6 

3 

Year . 

114 

154 

56 

27 


As these observations are only for noon in each day of the year, they are of little 
value; supposing them however to be typical of the variations of the wind, there is 
a certain accordance with the winds at Madras and Bombay in the respective months 
of the year, with respect to the winds blowing between the points S. and W., and 
with Bombay in the winds blowing between the points N. and W., excepting that the 
latter cease to prevail in March in Calcutta, but do not relax in Bombay until June. 
The winds of the S.W. monsoon would appear to commence in March in Calcutta, 
but not until May in Bombay, The tendency of the N.W. and S.W. w r inds in Cal¬ 
cutta, however, is rather to blow, the former from the N. and the latter from the S., 
than from intermediate points; out of 353 observations, the wind blew sixty-eight 
times from the N. and ninety-one times from the S., while the N.W. blew only thirty- 
four times and the S.W. wind only forty-two times. Judging from the Table, Cal¬ 
cutta is little affected by the winds of the N.E. monsoon. There is only a single in¬ 
stance of “no wind” at noon during the whole twelve months. 

The following Table shows the direction of the wind at six different hours, and 
the relative duration of each wind throughout the year:— 



N. 

N.W. 

W. 

S.W. 

s. 

S.E. 

E. 

N.E. 

Calm. 

No. of ob¬ 
servations. 

Sunrise . 

32 

H 

7 

19 

i 

29 

25 

20 

137 

353 

9 b 50 m A.M. 

59 

o 

42 

49 

BH 

34 

23 

37 

3 

351 

Noon . 

58 

34 

53 

42 

ESI 

19 

29 

26 

1 

3 an 

2 h 40 m p.m. 

52 

40 

58 

27 

105 

20 


24 

6 

352 

4 h P.M. 

53 

42 

45 

36 

93 

34 

31 

12 

6 

352 

Sunset . 

56 

18 

11 

23 

116 

23 

17 

9 

78 

341 

Total . 

310 

179 

216 

190 

536 

150 

145 

118 

231 

2101 

Proportion of each. 

61-6 

29*8 

36 

32'6 

89-3 

26*5 

24-1 

19'6 

38*5 

350 


From this Table the S.W. monsoon, which at Bombay has a disposition chiefly to 

3 b 2 
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blow half a point to the westward of W.S.W., at Calcutta blows chiefly from the S., 
and the prevailing N.W. wind of Bombay becomes a northerly wind in Calcutta. 
The Table shows that almost the only hours of calm are at sunrise and at sunset. 

Winds at Mahabuleshwur . 

At Mahabuleshwur, at 4500 feet above the sea-level, the following is the mean 
monthly direction of the wind, as given by Dr. Murray in a synoptical view of fifteen 
years' observations:— 



Direction. 

Force. 

January. 

Easterly. 

E.N.E.* N.N.W. 

Moderate. 

February . 

Moderate. 

March . 

K.E., N.N.W. 

Moderate. 

April . 

N.E., N.N.W. 
N.E., N.N.W. 
W.S.W. 

Moderate. 

May . 

Moderate. 

June . 

Moderate. 

July . 

W.S.W. j 

High. 

High. 

Moderate. 

August . 

W.S.W. j 

September. 

W.S.W. 

October .. 

Variable. 

Light. 

High. 

High. 

November . 

Easterly. 

Easterly. 

December . 



From the generalities in the Table, it would not be safe to deduce any normal con¬ 
ditions from comparisons with the wind tables of Madras, Calcutta or Bombay. Iu 
the months of January, November and December, Mahabuleshwur would appear to 
share more largely in the easterly winds of Madras than in the N.W. winds of Bombay 
in those months; but in February, March, April and May, and the rest of the year, 
the station would appear to have much the same winds as prevail at Bombay. Its 
elevated position, therefore, does not remove it from the periodic currents of air of a 
lower level. Even Dodabetta, at its great elevation of 8640 feet, is partly subject to 
the periodic winds of Madras and Bombay, at least as far as one year's record of 
observations recorded hourly from Osler’s anemometer enables us to judge. 

Winds at Dodabetta . 



N.W. 

S.W. 

S.E. 

N.E. 

1847. 

February . 

5 

0 

17 

6 

March . 

4 

0 

2 

25 

April . 

May . 

7 

3 

* 

18 

3 

8 

2 

IS 

June . 

4 

26 

0 

0 

•My .j 

IS 

13 

0 

0 

August . ! 

27 

0 

1 

3 

September.j 

21 

5 

0 

4 

October. j 

9 

0 

12 

10 

November . 

5 

7 

3 

15 

December . 

6 

0 

8 

17 

1848. 

January . 

2 

0 

16 

13 

Year . 

111 

62 j 

63 

129 
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The winds of the S.W. monsoon, however, terminate in July instead of October. 
This is the more remarkable, as Dodabetta lies between Madras, where these winds 
are the prevailing winds of May, June, July, August and September, and Bombay, 
where the same winds prevail in the same months. It is probable, therefore, that 
Dodabetta is situated just above the upper surface of the stratum of wind and 
aqueous vapour which supplies the S.W. monsoon to Western India, and therefore 
has comparatively a small supply of rain from this source. But it is not situated 
(although on the western coast) above the stratum of wind and aqueous vapour 
which supplies the Coromandel coast during the N.E. monsoon, as it has the same 
prevailing winds between the N. and E. points in the same months as at Madras, 
from October to February, when the N.E. ceases at Madras, bnt continues at Doda¬ 
betta until late in May. The prevalence of winds from points between N. and W. 
in the months of July, August and September, is peculiar to Dodabetta: neither 
Mahabuleshwur, at 4500 feet, nor Madras, Bombay nor Calcutta has similar indica¬ 
tions. However, as this so-denominated N.W. wind very frequently blows from only 
one or two points to the northward of west, the wind may belong to the monsoon of 
Western India, local physical circumstances having given it a slant. On the whole 
it may be said, that the peninsula of India, in its length and breadth and the atmo¬ 
sphere over it to the height of nearly 9000 feet, is subject to periodic winds; but at 
widely separated places, varying a point or two from the apparent normal winds, and 
commencingor terminating a week or two earlier or later. May, June, July, August 
and September have prevailing winds from points between W. and S.; October, 
November, December, January and February have prevailing winds from points be¬ 
tween N. and E.; February, March and April, at Madras, have a prevailing wind 
from points between S. and E., as opposed to Bombay, where the wind in those 
months prevails from points between N. and W., with rare instances of a S.E. wind; 
while at Calcutta the N.W. wind terminates in February; but a series for years of 
hourly observations, like those at Madras, are necessary to give that confidence which 
cannot be given to deductions from the meteorological data at present available from 
India. 

It is usually understood that very high winds materially depress the barometer, but 
the records at Dodabetta do not support this view. On the 17 th and 18th of April 
1847, the wind blew with a mean pressure of 21 lbs., and 14 lbs. respectively upon the 
square foot; but the barometer only fell from 21*955 on the 16th to 21*917 on the 
17th, and rose to 21*984 on the 18th; and there was a maximum pressure from the 
wind on the 17th at one time of 35 lbs. 26th of May, maximum wind 28*5 lbs., baro¬ 
meter not affected more than 0*010 inch; 12th of June 30 lbs., 26th of July 32 lbs., 
10 th of September 85 lbs., and 14th of October 22 lbs.; but these pressures of the 
wind had little or no effect upon the barometer. 
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Fogs. 

In tbe Madras observations there is not any mention made of fogs; and Captain 
Ludlow of the Madras Engineers, who recorded the observations, tells me that fogs 
are almost unknown at Madras, the nearest approach to a fog being an occasional 
mist on the ground, not visible more than 3 feet above the surface. 


Madras. 


Fogs. 


Bombay. 

Calcutta, 

1843. 

1843-44. 

Fogs. 

Fogs. 
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5 

0 

3 

0 
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0 
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0 
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0 
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0 
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0 
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0 
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Dodabetta, 1847-48. 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 
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dense fogs. 
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0 
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0 

11 

4 
1 
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16 

2 

5 
2 

2 

3 
1 


5 

9 

0 

4 

1 

2 

9 

20 

15 

29 

26 

16 
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53 


136 


At Bombay there are not any records of fogs in the hourly observations for 1843 
nor 1844, but Dr. Buist informs me that mists are of regular occurrence in March ; 
they begin early in February and continue for five or six weeks. They disappear 
after sunset, and are slightest from sunrise to noon*. At Calcutta, from Dr. M'Clbl- 
land’s Report, there were only twenty instances in 1843-44, almost entirely at sun¬ 
rise. At Mahabuleshwur, from the latter end of May until tbe middle of October, 
there is almost a continued fog with deluges of rain. At Dodabetta tbe prevalence 
of fogs is very remarkable, there being no less than 136 records of dense fogs and 
53 of light fogs during the year. Of the dense fogs 52 occurred at 9 h 40“ a.m. and 85 
at & 40 m p.m. ; 27 light fogs at 9 h 40 m a.m. and 25 at 3 h 40“ p.m. 


Electricity. 

1 have not any data of a character to enable me to speak satisfactorily on the sub¬ 
ject of the electric state of the air at the several stations. 

I conclude with a rapid analysis of the preceding Tables. 

In my paper published in the Philosophical Transactions in 1835 upon the Meteor- 
ology of the Deccan, I arrived at the following conclusions:—That Humboldt was 
mistaken in supposing, upon the authority of Hoksburoh, that the diurnal atmo- 

* I presume Dr. Bvist meant misty and comparatively eemi-transparent heated air, aa distinct from fogs. 
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spheric tides were suspended during the monsoon in Western India. The fact was 
also unquestionably established of the existence of four atmospheric tides within 
twenty-four hours,—two diurnal and two nocturnal, each consisting of a maximum 
and minimum tide, and the occurrence of these tides within the same limit horn's as 
in America and Europe; the greatest mean diurnal oscillations taking place in the 
coldest months, and the smallest tides in the damp months of the monsoon in the 
Deccan, whilst at Madras the smallest oscillations were in the hottest months: it was 
shown also that these tides took place regularly without a single instance of interrup¬ 
tion, whatever the thermometric or hygrometric indications might be, or whatever 
the state of the weather, even storms and hurricanes only modifying and not inter¬ 
rupting them. The anomalous fact was also shown of the mean diurnal oscillations 
being greater at Poona, at an elevation of 1823 feet, than at the level of the sea, in a 
lower latitude at Madras or Bombay, while at an elevation greater than Poona, the 
mean diurnal oscillations were less than at Poona. It was shown also that the seasons 
did not affect the limit hours of the tides ; but it was shown at the same time that 
the turning-points of the tides were sometimes irregular; that a tide flowed for a 
longer or shorter period, and that there were numerous cases of a stationary state of 
the atmosphere at the hours when the tides should turn. It was shown that the 
maximum mean pressure of the atmosphere was greatest in December or January, 
gradually diminished to June, July or August, and subsequently increased to the 
coldest months. The trifling daily and annual range of the barometer, compared 
with the ranges in extra-tropical climates, was shown; also the more limited annual 
range of the thermometer in the Deccan than in Europe, but the existence of a 
greater daily range ; the maximum mean temperature was in April or May, and then 
gradually declined to the coldest months; very considerable differences in the dewing- 
points within very narrow areas were shown ; dew being frequently local and occur¬ 
ring under anomalous circumstances, and the great contrast between the dewing- 
points, on the sea-coast at Bombay and in the Deccan, was pointed out; the rain in 
the Deccan was not more than 28 per cent, of the quantity that fell in Bombay; the 
winds principally westerly and easterly, rarely from due north or south; and finally, 
the rarity of fogs was stated. 

It is very satisfactory to find in the discussion of the meteorological observations in 
the present paper, from a very extended area, from different heights and from observa¬ 
tions, some of which are hourly, and which run through several years at the same station, 
that after an interval of twenty years the accuracy of the former deductions should be 
established almost to the letter; but as some of the observations now discussed were 
from hourly records, continued through considerable periods of time, an opportunity 
has been afforded of investigating abnormal conditions, which the former limited 
number of diurnal observations did not permit; and from these sources a rapid re¬ 
view of what appear to be normal and abnormal conditions is now appended.— 
1st The annual and daily range of the barometer diminishes from the sea-level up to 
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the greatest height observed, 8640 feet at Dodabetta, from a mean annual and mean 
daily range at Madras of 0*735 and 0*122 to 0*410 and 0*060 at Dodabetta-the 
annual range would appear to increase, about and beyond the northern tropic, as the 
annual range at Calcutta (not by hourly observations) is 0*911; but the diurnal range 
is somewhat less (0*115) than at Madras, At no one of the places of observation, 
even taking the maximum pressure of one year with the minimum pressure of an¬ 
other year, does there appear to have been a range of pressure equivalent to an inch 
of mercury; nevertheless in the Cyclones, or rotatory storms, there occurs at times 
a range of pressure of nearly 2 inches of mercury within forty-eight hours; but it is 
shown from a comparison of the simultaneous records on board ship, where these 
great depressions were noted, with the records at the observatories on shore, that the 
great depressions occurred within very limited areas. 

I had formerly shown that the times or turning-points of ebb and flow (if the terms 
be permitted) of the aerial ocean were occasionally retarded or accelerated, although 
the means fixed the turning-points within certain limit hours; but I was not aware 
that in the ebb or flow of the four daily tides, they ever retrograded or halted in their 
onward or retiring course. The hourly observations now satisfy us that abnormal 
conditions are of no infrequent occurrence,—that the tides at times flow or ebb for 
four, five, six or even seven and eight hours*,—that frequent instances occur of re¬ 
trograde movements for short periods of time, as if the tide had met with a check 
and been turned back; and at the turning-points there are numerous instances of 
the atmosphere being stationary for a couple of hours. 

The maximum pressure of the atmosphere is in the coldest months, December or 
January, but the minimum pressure is not in the hottest months, but in June or 
July. The barometric readings, when protracted -f% show a gradual curve from De¬ 
cember or January descending to June or July, and then ascending again to Decem¬ 
ber or January, there being an occasional interruption in October or November; and 
as the curves at Madras, Bombay and Calcutta correspond, and as Madras has no 
S.W. monsoon, while Bombay has a S.W. monsoon, and as Bombay is destitute of 
the N.E. monsoon of Madras, it would appear that the general movements of the 
mass of the atmosphere are little influenced by any conditions of its lower strata; 
but the curve of pressure would seem to have some relation to the sun's place in the 
ecliptic. 

The normal conditions of daily temperature are, that it is coldest in India at sun¬ 
rise, and hottest between the hours of 1 and 3 p.m. ; but the preceding tables show 
many aberrations from this rule. The regular increment or decrement of mean 
monthly heat from the maximum or minimum period is somewhat remarkable, as the 
curve is independent of the S.W. monsoon at Bombay and the N.E. monsoon at Ma- 

* One instance at Aden of nine boors! 

t To that very able and zealous meteorologist, Dr. Buist, LL.D. of Bombay, I am indebted for the pro¬ 
tracted curves of pressure of the barometer appended to this paper. Plates XVII. XVIII. XIX. XX. 
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dras; and the passage of the sun twice over both places does not derange the curve. 
The anomalies of the annual mean temperatures of Madras, Bombay, Calcutta and 
Aden, not diminishing with the increase in the latitude of the respective places, are 
pointed out, and numerous instances are given of the very great power of the slant' 
iug rays of the sun beyond the tropic. As is the case with the barometric, so do the 
heat tables indicate that the annual and daily ranges of the thermometer diminish 
with the elevation of the place of observation above the sea-level, the elevated table¬ 
land of the Deccan however being an exception to this rule. At Mahabuleshwur, at 
4500 feet, the temperature of the air was never below 45° with a maximum and 
minimum thermometer; and at Dodabetta the temperature of the air was never 
below 38 0, 5; nevertheless at both places ice and hoar-frost were frequently found 
on the ground at sunrise, resulting from the separate or conjoined effects of radia¬ 
tion and evaporation. I have already stated that I do not attach much value to the 
readings of the wet bulb, owing to the various sources of error in the instrument 
itself, and to the manifest sources of error in the existing theoretical formulae for 
giving a numerical value to its readings to fix the tension of vapour in the atmo¬ 
sphere for the determination of the dew-point. No doubt the dew-points obtained 
by means of the wet bulb have a certain relation to the truth; and in some favour¬ 
ably concurring conditions may be as proximate to the truth as dew-points would 
be, obtained by direct means; but the elaborate experiments of Regnault show 
that in a calm in the open air or in a chamber, the wet bulb surrounds itself with 
its own humid atmosphere, and with a breeze blowing upon it the temperature of 
the wet bulb falls or alternates as the wind blows more or less rapidly upon it. 
Moreover, Professor Oklkbar points out a source of error to which no doubt all 
the observations in India were more or less subject, namely, the proximity of the 
dry bulb to the wet bulb, and the cold from the latter in consequence depressing the 
temperature of the dry bulb, two, three, or more degrees below the temperature of 
the air, necessarily producing fallacious results. Making allowance for the defects of 
Daniell’s hygrometer, the dew-points obtained by its means are infinitely more 
worthy of confidence than those obtained by means of the wet bulb. On the whole, 
I would not venture to say more with respect to normal conditions of moisture in 
India, than that the air of the sea-coast has always a much greater fraction of satu¬ 
ration than the lands of the interior, and that the elevated plateau of the Deccan is 
periodically subject to very great degrees of dryness. 

The rain-tables are so extensive that it will only be necessary to point out some 
unexpected phenomena connected with the distribution of rain. It is found both on 
the sea-coasts and on the table-lands of the Deccan, that within very limited areas, 
the differences in the fall of rain may be very great. With nine rain-gauges employed 
in the small island of Bombay in the months of June and July, in the monsoon of 
1849, the quantity collected in the different gauges ranged in July from 46 inches to 
102 inches, and in June from 19 inches to 46 inches. At Sattarah, with three rain- 
mdcccl. 3 c 
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gauges within the distance of a mile, they differed in their contents several inches 
from each other; and at Mahabuleshwur and Paunchgunny, nearly on the same level, 
the latter place being only eleven miles to the eastward of the former, the difference 
in the annual fall of rain was respectively 254 inches and 50 inches! The normal 
conditions are, that there is a much greater fall of rain on the sea-coasts than on the 
table-lands of the Deccan, but that the Gh&ts intervening between the coasts and 
the table-lands have three times the amount of the full on the coasts, and from ten 
to fifteen times the amount of the fall on the table-lands of the interior; the paucity 
of the fall of min at Cape Comorin and in the mouths of the Indus would also ap¬ 
pear to be normal conditions. 

The Tables must be referred to for the winds; the normal states are those of the 
S.W. and N.E. monsoons, and the influence of the latter is periodically felt at the 
height of 8640 feet, which height would appear just at the upper surface of the stratum 
of air constituting the S.W. monsoon; but hourly observations for lengthened periods 
of time are necessary from Dodabetta, to determine what really are the periodical winds 
at that height. From the points other than those between S. and W., and N. and E., 
there is also at the several stations a certain amount of periodicity in the winds; the 
winds that are common to different stations having only a slant more or less at the 
different stations; for instance, the S.W. and N.W. winds of Bombay blowing in the 
summer months in Calcutta incline rather to be S. and N. winds, than S.W. and N.W. 
winds; but to be enabled to speak with any precision upon this branch of the meteo¬ 
rology of India, and indeed upon most other branches with a comprehensive anti philo¬ 
sophical object, hourly observations are necessary,—simultaneously taken with previ¬ 
ously compared instruments by zealous observers; and having the records in a form 
common to all the observers, so as to admit of rigid comparisons:—when this is 
done, not only in India but in Europe, meteorologists will be in a better condition to 
generalize and propound normal conditions, than the state of our knowledge at pre¬ 
sent would justify, for it must be borne in mind that “Error iatet in generalibus.” 

The Plates referred to in the preceding paper are numbered XVII. XVIII. 
XIX. XX. 
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XVI. On the Pelorosaurus ; an undescribed gigantic terrestrial reptile whose remains 
are associated with those of the Iguanodon and other Sauriam in the Strata of 
Tilgate Forest , in Sussex. 

By Gideon Algernon Mantell, Esq., LL.D. y F.R.S., F.L.S ., 

Vice- President of the Geological Society , Sfc. 


Received November 22, 1849,—Read February 14, 1850. 

T * 

1 HAD for a long while entertained the idea that among the fossil remains collected 
from the Wealden deposits of the South-East of England, there were indications of an 
enormous Lizard entirely distinct from the Iguanodon, Megaiosaurus, Cetiosaurus, 
and other genera which have been named and more or less accurately determined; 
and I have at length obtained such evidence in support of my opinion, as induces me 
to submit to the Royal Society the data which appear to establish the existence of a 
terrestrial reptile contemporary with the Iguanodon, and which equalled, if not sur¬ 
passed in magnitude, that colossal herbivorous Saurian. 

I shall not on the present occasion enter upon those minute anatomical details 
which are indispensable for the solution of many of the difficult problems which but 
too often perplex and bewilder the paheontologist, but content myself with faithful 
descriptions and figures of such facts as will suffice to establish my proposition; in 
the hope that these guesses at truth, which recent investigations have suggested to 
my mind, may serve to direct future labourers in the right path of inquiry, and tend 
to enlarge our knowledge of that remarkable fauna which prevailed in the islands and 
continents of the Cretaceous, Wealden, and Oolitic ages. 

The occurrence of very large isolated vertebrae, and portions of femora with medul¬ 
lary cavities, indicating animals of terrestrial habits, and of great size, and which,, 
though assigned to the Cetiosaurus, could not properly be included in a genus of 
aquatic marine reptiles with solid bones like the Cetaceans, first suggested to me 
the probability of there having existed another genus of Saurians contemporary with 
those previously mentioned, and to which some of the supposed Cetiosaurian remains 
might belong. This idea, though vague, seemed to offer an explanation of certain 
discrepancies between some of my statements and those of other cultivators of this 
branch of comparative anatomy. 

The stupendous humerus or arm-bone of a terrestrial reptile from the strata of 
Tilgate Forest, in Sussex, which I have now the honour to place before the Royal 
Society, will, I believe, establish the correctness of that opinion. 

This splendid fossil was obtained from the locality in which was situated the 

3 c 2 
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quarry represented in the frontispiece of my work on the Geology of the South-East 
of England, and that yielded to my early researches the teeth of the Iguanodon and 
numerous other highly interesting remains. The bone was imbedded in the fawn- 
coloured sandstone that prevails in the Wealden of that part of Sussex, at the depth 
of 25 feet beneath the surface of the soil. The distal part of the bone, to the extent 
of 2 feet, was discovered in 1847, by Mr. Peter Fuller of Lewes, and some months 
afterwards the middle portion was found at a higher level; a line of fault having 
traversed the rock and imbedded bone, and occasioned the subsidence of the portion 
previously met with. At length other fragments were discovered and extricated from 
the rock, and the whole replaced and cemented together in the admirable state in 
which the fossil now appears, by the intelligent collector in whose possession 1 had, a 
few weeks since, first the gratification of seeing this unique and stupendous relic 
from the Weald of my native county *. 

This bone is the right humerus, and bears a closer resemblance in its general cha¬ 
racter to the analogous element in the Crocodile, than to that of the Lacertians. It 
is 4^ feet long, and 32 inches in circumference at the distal extremity. It is in the 
ordinary state of mineralization of the bones from the Wealden sandstones, being 
of a rich umber colour, and very heavy from an impregnation of oxide of iron. The 
surface presents a smooth appearance, but upon close inspection is found to be finely 
striated: it evidently belonged to an animal arrived at maturity, but not aged-f\ 

The inferior or distal end, and nearly three-fourths of the shaft, are perfect; but a 
considerable part is wanting on each side the proximal extremity. Fortunately the 
base of the salient deltoid process, so characteristic of the humerus in the Crocodiles, 
is well-defined (Plate XXL fig. 1* c), and affords grounds for supposing that the upper 
part, which is deficient, did not materially differ from the recent type. 

The transverse fracture through the middle of the shaft (Plate XXI. fig. 1 a f) has 
been left disunited, to show the large medullary canal which is filled up with con¬ 
creted sand; as is usually the case in the long bones of the Iguanodon from the 
same locality. 

The thickness of the wall of the shaft at this section (Plate XXL fig. P) is 1 inch ; 
the transverse diameter of the medullary cavity 3 inches. Mr. Fuller informs me 
that the canal extended to within one-third of the bead of the bone, as in the femur 
of the Iguanodon. 

The fossil, in its general form, is straighter than the humerus of the Crocodile, and 
the depressions between the condyles, both anteriorly and posteriorly, are relatively 
shallower. The surface for articulation with the fore-arm (Plate XXI. fig. 1 b) is 


* I cannot refrain from expressing my warmest thanks to Mr. Fuller, for the gratifying compliment paid 
me (though a personal stranger) as the original explorer of the Geology of Sussex, in allowing me to possess 
this interesting fossil, although he had previously refused several liberal offers. 

t Thin sections of the bone exhibit under the microscope the intimate structure beautifully preserved; the 
bone-cells, and Haversian canals, are as distinct as in recent bones. 
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smoother and more uniform, but as the epiphyses are wanting, and both extremities 
of the bone somewhat abraded by attrition, I am led to conclude that in the recent 
state, the radio-ulnar articulation must have closely resembled the crocodilian type. 

In the posterior aspect (Plate XXI. fig. I A ), the double bend or curve so strikingly 
conspicuous in the shaft of the crocodilian arm-bone, is wanting; the deltoid ridge 
(Plate XXI. fig. l b c ) commences much lower down, and above the fractured end of 
this process (fig. l*c) the bone expands into the wide flattened head, for articulation 
with the glenoid socket, formed by the union of the coracoid and scapula. Although 
the general character of the fossil corresponds in so many respects with that of the 
Crocodile, yet there are such marked discrepancies, that I have not ventured to in¬ 
troduce an outline indicative of the probable form of the parts that are deficient; 
for there is ample space for the commission of important errors in such a substitu¬ 
tion, which might form a stumbling-block to future observers. 

To facilitate comparison I have subjoined figures of the right humerus of the 
recent Gavial, and of the Iguanodon, and Hylaeosaurus, reduced to an uniform scale: 
the arm-bone of the Gavial belongs to a skeleton 18 feet long, in the museum of that 
eminent physiologist, my friend Dr. Robert Grant. 

It will be seen at a glance that the enormous bone under consideration differs 
essentially from the humeri of ail the Saurians with whose remains it was found 
associated. The large medullary cavity at once separates it from the bones referred 
to the Polyptychodon and Cetiosaurus; for in these animals the long bones are com¬ 
posed of “ coarse cancellous tissue without any trace of medullary cavity*.” 

These data appear to me sufficient to warrant the establishment of a new genus 
for the colossal air-breathing reptile to which this remarkable humerus belonged, and 
I propose the name of Pelorosaurus^ to indicate the enormous magnitude of the 
original. 

I now pass to the consideration of other parts of the skeleton, or, to express myself 
more correctly, of certain detached and isolated bones found in the same quarry with 
the gigantic humerus, and which, for reasons to be stated iu the sequel, may with 
greater probability be assigned to the Pelorosaurus , than to any other of the colossal 
reptiles obtained from the Wealden deposits. 

Anterior Caudal Vertebrae of the Pelorosaurus , Plate XXII. and Plate XXIV. and 

XXV. 

The vertebra; which I would assign to the Pelorosaurm with but little hesitation, 
are four anterior caudals of a very remarkable character, which I found many years 
since in the same stratum as the humerus above described, and at the distance 
of but a few yards. They were firmly imbedded and lying in various positions in a 

* Reports on British Fossil Reptiles, 1841, p. 102. I have a series of bones from Brook in the Isle of Wight, 
through the kindness of my distinguished Mend Sir R. 1. Murchison, proving the existence of Cetiosauri in 
the Wealden; all the long bones are destitute of a medullary cavity. 

t rUAwp pelor , monster, unusually gigantic. 
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br ge block of sandstone, and I succeeded, after much labour, in clearing them from 
the stone with their processes nearly entire; in the progress of my task a chevron 
bone of the crocodilian type, 10 inches long (Plate XXII. fig. 8), was laid bare and 
extricated. 

When these splendid fossils were first discovered, I referred them to the Iguanodon; 
subsequently they were named by Professor Owen Cetiosaurm brevis* ; and lastly, 
Dr. Melville and myself, in my Memoir on the Iguanodon^, suggested the necessity 
of adopting a different specific appellation, and proposed that of “ Conybeari we 
were unwilling to remove them from the genus Cetiosaurus, till corroborative evidence 
was obtained to justify the change. 

The description of these vertebrae in detail will be found in the British Association 
Reports for 1841 (p. 97), and by Dr. Melville in the Philosophical Transactions, 1849 
(p. 296); but without figures no adequate idea can be given of the originals!. I have 
therefore annexed delineations on a reduced scale, \ linear , Plate XXII., and two 
views of the largest vertebra fths the natural size, Plate XXIV. and XXV. I have 
been induced to add the two last drawings in order that the subject may be fully 
comprehended. 

These vertebrae are distinguished by the subquadrangular form of the articulating 
facets of the centrum or body, and the relative shortness of the antero-posterior dia¬ 
meter (Plate XXII. fig. / )• The largest is 7\ inches in the transverse, and 6j inches 
in the vertical diameter of the anterior face, and but 6 inches in the posterior: the 
length or antero-posterior dimension is but 3| inches. The height to the top of the 
spinous process is 13 inches. The diameter of the neural canal, for the spinal marrow, 
is 2 inches. The other three bones are somewhat smaller; the most distal being only 
6 inches transversely. 

These vertebrae are slightly concave in front, and almost flat behind; the upper 
part of the anterior face being the deepest, as shown in Plate XXII. fig. 5*. The sides 
of the body are concave, both lengthwise and vertically, with a transverse median 
convexity, as seen in Plate XXII. fig. 5". 

The inferior surface of the centrum (Plate XXII. fig. 6) is slightly concave in its an¬ 
tero-posterior diameter, and divided by a longitudinal sulcus into two ridges, whose 
terminations obscurely indicate the position of the hsemapophysial articulations. It 
is noticeable, that in vertebrae of such magnitude, well-defined articulating spaces for 
the chevron bone are not present. 

The neural arch presents the most peculiar characters; it is large, and anchylosed 
to the anterior half of the upper surface of the centrum ; the posterior part of which 
is left free, as shown in fig. 5' and 7, Plate XXII. The anterior oblique processes 

* These vertebrae and the chevron bone, are placed in the same case as .the bones of the Iguanodon, in the 
Gallery of Organic Remains of the British Museum, 

f Philosophical Transactions, 1849, p. 297. 

X Sir J. G. Dalyell very properly remarks, that " delineation should be the inseparable accompaniment of 
description in natural history/* 
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(Plate XXII. fig. 5®, g 9 g) project directly forwards, and advance over the exposed 
part of the body of the contiguous vertebra (Plate XXII. fig. 7); as there are no 
posterior oblique processes, the anterior are received in depressions on each side the 
spinous process (see Plate XXII. fig. 5 and 7 h 9 h). The transverse processes (/,/) 
are very strong and short, and project at nearly right angles from the body; the 
spinous process (e) is short and thick. 

In Plate XXII. fig. 7> the four vertebra are represented in a consecutive line, for the 
purpose of explaining the mode of articulation above described, but it is doubtful 
whether the two posterior bones are in their natural position; it seems probable that 
there was an intermediate vertebra between the second and third, and between the 
third and fourth, so that two more would be required to complete the series. The 
haemapophysis or chevron bone, Plate XXII. fig. 8, is obviously too small for articula¬ 
tion with either of the above vertebrae; it is however important, as showing the 
crocodilian modification of this caudal element of the gigantic original. 

Median caudal vertebra 3 , Plate XXIII. fig. 1 and 3, and Plate XXVI.—From the same 
quarry I obtained two vertebra belonging in all probability to the middle part of the 
tail; and which, though scarcely large enough to appertain to the same individual as 
the above anterior caudal, present such characters as might be expected in the more 
distal part of the same region. The centrum of the largest specimen (Plate XXIII. 
fig. lOand Plate XXVI.) is 7| inches long; the transverse diameter of the anterior face 
is inches, the vertical inches; height to the top of the spine inches. Both the 
facets of the centrum are slightly concave, and are most deeply excavated in the 
upper part, as in the large anterior caudals. The neural arch is anchylosed to the 
anterior half of the body, the posterior part being uncovered. The inferior surface 
(Plate XXIII. fig. HP c) is concave anterp-posteriorlv, and two slightly elevated ridges 
terminate behind in distinct hounapophysial surfaces (k , Ar), which are if inch apart, 
and are evidently fitted for articulatiou with a chevron bone of the type already 
described (Plate XXII. fig. 8). 

Distal caudal vertebra , Plate XXIII. fig. 11.—In referring the unique caudal here 
figured to the same category as the preceding, I offer the suggestion as only probable. 
The centrum is of a subcylindrical form, A\ inches long, and slightly concave on both 
facets. The most remarkable feature in this bone is the anchylosis or rather con¬ 
fluence of the heads of the chevron bone with the body (Plate XXIII. fig. 1J jj), a cha¬ 
racter common in fishes, but which, I believe, is unknown in reptiles, save in one 
genus, the fossil animal of Maastricht, the Mosasaurus, whose occurrence in the En¬ 
glish chalk was first ascertained in 1820, by my discovery of two concavo-convex 
caudals with confluent chevron bones*. The remarks of the illustrious Cuvier on 
the caudal vertebra of the Mosasaurus, arc in every respect applicable to the speci¬ 
men under consideration. After mentioning the median caudals as having leur 
face inf&ieure deujc petites facettes pour porte?' Fos en chevron * lie describes the more 
* Geology of the South Downs, Plates XXXIII. and XLI. 
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distal series which form a great part of the tail; in these “ fas en chevron ny est plus 
articuld, mats sondd. et fait corps avec elles*." 

The structure of the spinal column of the Mosasaurus therefore proves that ver¬ 
tebrae having the chevron bone articulated by two distinct facets (as Plate XXII. fig. 8), 
may be followed, in a more distal part of the caudal region, by a series with the 
haemapophysis anchylosed to the centrum (as in Plate XXIII. fig. 11). 

Femora and Tibiw. —From the Wealden strata of Tilgate Forest, Hastings, and the 
Isle of Wight, I have seen fragments of the distal extremity of femora with medul¬ 
lary cavities, which, though too imperfect to admit of accurate determination, were 
obviously those of a gigantic terrestrial reptile, distinct from the Iguanodon and 
Megalosaurns. 

From Sandown Bay, in the Isle of Wight, I have the proximal end of a tibia of 
enormous size, the circumference of the head of the bone being 34 inches, a magni¬ 
tude surpassing that required for a tibia to articulate with the largest known femur, 
and presenting such deviations in form from the tibiae of the Iguanodon, as to render 
it highly probable that this bone belonged to the Pelorosaurus. 

Indications of the Pelorosaurus in the Oolitic strata. —The general accordance of 
the terrestrial fauna and flora of the Oolitic period, (as proved by the remains of land 
animals and plants imbedded in the fluvio-marine deposits of that formation,) with 
those of the Cretaceous and Wealden, renders it probable that vestiges of most, if not 
all, of the genera and species of land reptiles that occur in the latter will be found 
in the former strata. Thus as the Iguanodon, Pterodactyles, with Clat lira rise and 
Dracaenas, are found in the Chalk, and the Megalosaurus, with Cycadese and Conifer®, 
in the Wealden, traces of the Pelorosaurus may be expected to occur in the Oolite. 
To ascertain this fact, I availed myself of the liberal permission of my friend the 
Dean of Westminster to examine his splendid collection, and I repaired to Oxford 
and diligently inspected the numerous specimens of Saurian remains which it con¬ 
tains, especially those from the Wealden and Oolite. 


To avoid prolixity I will but remark, that among immense quantities of huge ver¬ 
tebrae and bones of the extremities of unequivocally marine Saurians,as proved by the 
cancellated structure of their centres, and which had been properly referred to Plio- 
saurus, Cetiosaurus, &c., there are portions of femora, vertebrae, and tarsal phalangeal 
and ungueal bones, which appear to be distinct from those of any established genus. 

;„r fe v e * PeCially t0 several caudal v e«ebrae resembling that from Tilgate Forest 
(Plate XXIII. figs. 9 and 10), which are probably of the Pelorosaurus , and large curved 
claw-bones, from 4 to 6 inches long. These were found at Chipping Norton, asso¬ 
ciate wit vertebrae, &c. of Cetiosaurus, and were accordingly assumed to belong to 
the same genus of reptiles. 6 


But the specimens which come more immediately within the scope of this inquiry 
are port,one of iemora from Eastern, which appear to differ from those of the MegZ 
* Ossemens Fosailes, tome v. p. 327. Edit. 1824. 
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loaaurus tad Iguanodon. They belong to a huge terrestrial reptile, in which the 
patellar space is smooth, and not traversed by a deep furrow as in the femur of the 
latter. The structure of these fossils led me to examine with great care the enormous 
femur obtained by Mr. Strickland from the Bradford clay at Enslow Bridge, on the * 
Charweil, eight miles from Oxford. This specimen is now affixed to the wall in 
Dr. Buckland’s museum, at a considerable height from the floor, and therefore can¬ 
not be examined with facility. Unfortunately too the bone was found in so shattered 
a condition that it was necessary to cement its anterior face to a board. The poste¬ 
rior surface pressed flat, the condyles and popliteal space, and the outline of the sides 
of the shaft, are therefore the only characters now displayed; the proximal extremity 
or head is wanting. This bone exactly corresponds in length and width with the 
humerus of the Pelorosaurus. The condyloid extremity is the only portion in a nor¬ 
mal state. The condyles (so far as I could ascertain from an elevated and inconve¬ 
nient position on a ladder) are more equal, and wider apart, than in the Iguanodon 
and Megalosaurus; but the general appearance of the bone is so similar to that of 
the femur of the Iguanodon when shattered and pressed flat, that until I ascertained 
there were no indications of a median trochanter on the mesial border of the shaft, I 
could not convince myself it did not belong to that reptile. There were no visible 
traces of a medullary cavity, yet it seemed improbable that the shaft of this enormous 
and strong bone could have admitted of the degree of compression it had sustained, 
(for the entire thickness did not appear to exceed 3 or 4 inches,) if it was solid as in 
the Cetiosauri: Dr. Buckland entirely concurred in this opinion. 

To ascertain this important point I wrote to Mr. Strickland, who very obligingly 
favoured me with an immediate reply. In answer to my inquiries, Mr. Strickland 
stated, that upon comparing the femur with that of the Megalosaurus, it was evident 
that it belonged to a different genus: and he had labelled it “ Cetiosaurus ,” from its 
resemblance to portions of femora and other bones found in the same locality, 
and so named in the Oxford Museum; and likewise, because in the crushed mass 
of bony fibre which filled the interior, he did not perceive any traces of a medullary 
cavity; but it is quite possible, Mr. Strickland adds, “ that such a cavity may have 
existed, though now so much obliterated by compression as to have escaped my ob¬ 
servation.” 

The character of the condyloid extremity, and the general form of this bone, appear 
to me to separate it from the femur of the marine reptiles, to which it has been re¬ 
ferred, provisionally, by this distinguished naturalist; if upon a more accurate ex¬ 
amination a medullary cavity should be detected, there will be strong grounds for 
assigning this gigantic thigh-bone to the Pehrrosavrus ; on tbe contrary, if the shaft 
should prove to be solid throughout, the supposed relation of this femur to the 
humerus previously described, will of course be negatived. 

Summary. —From the facts described he following inferences result:— 

1st. Upon the evidence of the humerus alone, the existence during the Wealden 
mdcccl. 3 D 
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•ra, of a stupendous terrestrial Saurian, generically distinct firem any previously da* 
scribed; tins reptile 1 propose to name Pebroaaurm Conybeari. 

Sadly. The great probability that the four large anterior caudal vertebrae with the 
• chevron bone, termed Cetiosaurus brevis by Professor Owrn, and the two median 
found in the same stratum as the humerus, and at no groat distance from it, 
belong to the same species; and 

Srdly. That certain large bones of Saurians from the oolitic deposits of Oxfordshire, 
at Enstone and at Enslow Bridge, and hitherto considered as Cetiosaariaa, may 
appertain to the Pelorosaurus. 

It may perhaps be expected that some estimate should be given of the probable 
magnitude of the reptile to which the humerus belonged; but calculations of the 
leng th and proportions of the original animal taken from a tingle bone, or from a few 
detached bones, can afford but vague and unsatisfactory results. With the view, 
however, of conveying some idea of the almost incredible bulk of the Pelorosaurus, it 
may be stated, that in the Gavial or Gangetic Crocodile, the length of the humerus is 
equal to one-eighteenth of the entire length of the animal from the snout to the end 
of the tail; thus in Dr. Grant’s specimen the humerus is 1 foot long; the entire ske¬ 
leton 18 feet. Computed by this standard the length of the Pelorosaurus would be 
81 feet, and the girth of its body about 20 feet. But if we assume the length and 
number of the vertebrae as the scale, we should have a reptile of relatively very abbre¬ 
viated proportions; but in either case, a Saurian far exceeding in size all living types, 
and equalling if not surpassing in magnitude the most colossal of the extinct forms. 

From what has been advanced, we perceive that every addition to the zoology of 
the countries that flourished during the secondary geological ages, affords proof of 
the high development of the terrestrial reptiles, which appear to have enjoyed the 
same predominance ra those ancient faunas, as the large Mammalia in those of the 
tertiary and human epochs. The trees and plants associated with the remains of the 
extinct Saurians, manifest by their affinity to existing forms, that the countries in 
which they grew possessed as pure an atmosphere, as high a temperature, and as un¬ 
clouded skies, as those of our tropical climes. There are, therefore, no legitimate 
grounds to support the hypothesis that during the "Age of Reptiles”—the period 
when the reptilian class most prevailed—the earth was “ in the state of a half- finished 
planet” and its atmosphere too heavy from an excess of carbon, for the respiration 
of warm-blooded animals! Such an opinion can only have originated from an im¬ 
perfect view of the phenomena which these problems embrace. There is as great a 
discrepancy between certain existing faunas and those of modern Europe, as that 
presented by the Wealden: for example, those of Australia, Tasmania, New Zealand, 
and the Galapagos Islands. 

By a singular coincidence, on the same day that I obtained the humerus of the 
Pelorosaurus from Tilgate Forest, I received from my eldest mb in New Zealand, 
the most interesting collection of the remains of the extinct gigantic birds of those 





Aniervor aspect/. Posterior aspect. 
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iriaade that jbnar reached tfels country •• and I ooukl bat think, that bad the respective 
localities tad periods of these birds and reptiles,—both of a rise far ea rpa sis iug all 
other knowh type* of their respective classes,—been interchanged, «d the bones of 
the Dinornis of New Zealand referred to the Weaiden epoch, what speculations 
would in all probability be hastarded to account for physical conditions amused to 
be required by an hmrvelkras a development in numbers and magnitude of the class 
Aves, to the almost entire exclusion of the Mammalia! 

In attempting to explain the natural records of the ancient physical history of the 
globe and its inhabitants, by our acquaintance with the physiology; anatomy, and 
economy, of existing organic beings, we cannot be too often reminded of the caution 
of the sagacious Quetblet, that “ our knowledge and our judgments are in general 
only founded on probabilities more or less great, which it is very important, but very 
difficult, to estimate at their just value.” 


In conclusion I would beg to remark, that in adding another genus of terrestrial 
reptiles to those previously established as belonging to the Fauna of the Weaiden, I 
am fully aware of the imperfect manner in which, from various unavoidable causes 
—especially the pressure of professional duties—my investigations have been carried 
out. But encouraged in my earliest researches by tbe illustrious founder of Palaeon¬ 
tology, Baron Cuvier, and honoured by the highest award of the Geological Society, 
I felt reluctant to discontinue researches which no other naturalist seemed disposed 
to undertake, lest some important additions to our knowledge of tbe ancient physical 
condition of the earth and its inhabitants should be unrecorded and forgotten. 

Chester Square, Pimlico, 

November 1849. 


Description of the Plates. 

PLATE XXI. 

V igue at this Plate an all on the same seek, whiah la | linear Uw astaral size. 

Fig. 1. The right humerus of the Pelorosaurus Conybeari, obtained from the strata of 
tllgffte Forest in Sussex, by Mr. Pstbr Fuias* of Lewes, and now in the 
poaeesekHt oftheautbor. 

1*. Anterior view. 

K Tmnsweme section of tbe shaft ; m, the medaUary canal filled with fown- 
cotoored sandstone. 
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The dimensions of this bone are as follow:— 

Length 54 inches. 

Circumference of the distal end 32 inches. 

Transverse diameter of the same 13 inches. 

Circumference of the shaft at the transverse section 17 inches. 

—--the fractured end of the deltoid ridge 23 inches. 

a. The head or proximal extremity. 

5. Distal or radio-ulnar articulation. 

c. Deltoid ridge. 

d. Inner condyle. 

e. Outer condyle. 

f. Transverse fracture exposing the section seen in fig. l e . 

Fig. 2. Outline of the right humerus of a Gavial 18 feet long. 

2°. Anterior view. 

2 b . Posterior view. 

Fig. 3. Humerus of the Hyloeosaurus. 

Fig. 4. Humerus of the Iguanodon; from Philosophical Transactions, Part II. 1849, 
Plate XXXI. fig. 19*. 


PLATE XXII. 

*** All the specimens here delineated are in the British Museum : the figures are reduced J linear the na¬ 
tural size. 

Anterior caudal vertebrae and chevron bone of the Peloromurus ? 

Fig. 5. The largest and most anterior bone of the series. 

5*. Perspective view showing the slightly concave anterior face of the body 
of the vertebra (a), the excavated form of the sides, the anterior oblique 
processes ( g,g,) and the spinous process (e), with the pits or depressions 
for the reception of the heads of the oblique processes of the contiguous 
posterior vertebra ( h). 

5*. Front view of the same fossil. 

5'. Posterior view, to show the remarkable character occasioned by the absence 
of oblique processes. The several parts in this and the vertebrae figured 
in the subsequent plates are thus indicated:— 

a. Anterior articulating surface of the body or centrum. 

b. Posterior face. 

c. Inferior or visceral aspect of the body. 

d. Neural arch, or neurapophysis. 

* There is a typographical error both in the text and lithograph of this bone in the Philosophical Transac¬ 
tions, lot. at., as to the scale of the figure; it is marked reduced to ■&. it should be | linear the - ntu ra! fixe 
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i. Spinel canal. 

/. Chevron bone or 
*. Hsemapophysial sorfacesfor articulation with the chevron hone. 

Fig. 8. A vertebra seen on the inferior aspect. 

Fig-7. Pour anterior caudal vertebrae placed in a consecutive sedes. 

Fig. 8. A chevron bone 10 inches long, found imbedded in the same block of sand¬ 
stone as the vertebrae. 

8*. Outer aspect. 

8*. Inner aspect. 

8 s . Lateral view. 


PLATE XXIII. 


V* The figures ere {linear the natural size. 

Median and distal caudal vertebrae of the Pelorosaurus ? 

Fig. 9. A median or distal caudal vertebra with two eminences on the posterior end 
of the inferior aspect of the body, to articulate with a double-headed 
chevron of the crocodilian type. 

9*. lateral view. 

9*. Posterior face. 

9*. View of the inferior surface. 
k, k. The articulating facets to unite with the chevron bone. 

Fig. 10. A larger vertebra of a similar type, obtained from the same locality in Til- 
gate Forest as the other specimens figured in this memoir, by my friend 
Capt. Lambart Brickenden, F.G.S. 

10*. Inferior surface. 

10*. Lateral view. 

10*. Anterior view, showing the neural arch. 

Fig. 11. A caudal vertebra with the chevron bone anchytosed to the hody, as in the 
distal caudals of the Mosasaurus. 

11*. Lateral view. 

11*. View of the inferior surface. 


PLATE XXIV. 

view of the largest anterior caudal, fth the natural sine. 
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PLATE XXV. 

Anterior view of the same. 

PLATE XXVI, 

Perspective view of a median caudal vertebra of the Peiorosanrns, of the natural 
size; found in tbe same quarry and stratum as the specimens figured in the praceding 
Plates; by Capt. Lambaot B*ickknd*n. 
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XVII. On a Dorsal dermal Spine of the Hylceosaurus, recently discovered in the 

Strata of Tilgate Forest. 

By Gideon Algernon Mantell, Esq., LL.DF.R.S., F.L.S., 
Vice-President of the Geological Society , 8fc. 


Received June 13,—Read June 13, 1850. 

In the highly interesting and unique specimen of part of the skeleton of the Hylmo- 
saurus discovered by me in 1832, and now preserved in the Gallery of Organic Re¬ 
mains of the British Museum, the most striking peculiarity is a series of large thin 
angular processes extending nearly parallel with the left side of the vertebral column. 
These bones vary in length from 4 to 17 inches, and in form from a somewhat obtuse 
to an isosceles triangle: there are six or seven in a connected line, and several others 
detached and dispersed in the block. They terminate distally in a blunt apex, and 
are expanded at the base in the antcro-posterior diameter, but unfortunately in every 
instance the proximal end is so imperfect that their mode of attachment to the other 
parts of the skeleton is not clearly demonstrable. 

From the general resemblance of these processes to the dermal bones imbedded in 
the surrounding stone, I was induced to consider them as the remains of a dorsal 
crest formed by a series of erect dermal plates or spines, which extended along the 
back of the Hylaeosaurus, in the same manner as the cartilaginous scaly dorsal 
fringe in the Iguana; an opinion which appeared to be corroborated by some de¬ 
tached specimens of a similar character that were subsequently discovered*. 

Professor Owen, however, whilst admitting the probability of that suggestion, con¬ 
sidered it more likely that the bones in question were abdominal ribs, remarking that 
“ the want of symmetry, and the difference in size and form, in the four succeeding 
spine-shaped plates, agreed better with the costal than with the dermal hypothesis*^.” 
Mr. Broverip and other naturalists have regarded this opinion of Professor Owen as 
conclusive^:. 

For reasons fully stated in my former memoirs on the Wealden Reptiles, it ap¬ 
peared to me highly improbable that these spines could have belonged to the costal 
system. In 1848 I had an opportunity, for the first time, of making sections of a 
specimen for microscopical examination, and I then found the internal structure to 

* A comparison of these spines with the dermal crest of the. Cyclura, is given in my original memoir on the 
Hylaeos&urus; Geology of the South-East of England, 1832. 

t British Association Report on Fossil Reptiles, by Professor Owkn, 1841, p. 116. 

t Zoological Researches, Chapter on Reptiles. 
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be identical with that of the dermal scutes of the Hyleeosaurus, presenting "long, 
straight, spicular fibres, decussating each other in all directions, and representing, as 
it seems, the ossified ligamentous fibres of the original corium*.” 

At length, after the lapse of eighteen years, I have obtained one of these spines in 
which the proximal end or base is sufficiently entire to show the nature of its con¬ 
nection with the body of the reptile. This specimen (for which I am indebted to the 
liberality of Mr. Peter Fuller of Lewes) was found a few weeks since in the same 
quarry in Tilgate Forest, whence the first discovered skeleton of the Hylseosanros 
was obtained; and there is reason to conclude that it may have belonged to the same 
individual, for several detached dermal scutes and spines of corresponding size and 
character, have from time to time been found in the sandstone near the spot. 

This spine, if perfect, would be 15 inches in length; its base or proximal end is of 
an elliptical form, with a longitudinal median depression, which is bordered by a 
gentle rounded eminence; the articulating surface has the corrugated aspect that 
characterizes the ossified dermal scutes of the Hylaeosaurus; and a comparison of the 
base of this spine with that of the unquestionable dermal bones, confirms the correct¬ 
ness of my original interpretation of the nature of these remarkable processes. 

In the accompanying drawings the characters of the original are sufficiently de¬ 
fined, to render further description unnecessary. 

This fact is of considerable interest, since it demonstrates in the dermal system of 
the extinct colossal Saurians of the secondary geological aeras, a similar exaggerated 
development to that which prevails in the living diminutive representatives; but while 
in the existing Lizards the dermal appendages are flexible and cartilaginous, in the 
fossil reptiles they are rigid osseous spines; the difference arising from the ossifica¬ 
tion of the ligamentous fibres of the corium in the dermal bones and spines of the 
Hylaeosaurus. 


Description op the Plate. 

PLATE XXVII. 

Fig. 1. Lateral view of the dorsal dermal spine of the Hylaeosaurus; reduced to one- 
half linear. 

Fig. 2. View of the articulating surface of the base. 

Fig. 3. Magnified view of a portion of the internal structure, showing the decussating 
ossified fibres of the corium, the bone-cells, and the Haversian canals, aa 
exposed in a section seen by transmitted light. 

Chester Square, Pimlico , 

June 1850. 


* See Wonders of Geology, 6th edition, p. 437. 
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XVIII. Supplementary Observations on the Structure of the Belemnite and Belemno- 
tkuthis. 

By Gideon Algernon Mantell, Esg. 9 LLJ). 9 F.R.S., F.L.S., 
l ice-P resident of the Geological Society , 8$c. 


Received November ft, 1849,—Read February 14, 1830. 


As several eminent naturalists have expressed doubts of the correctness of my in¬ 
terpretation of some of the facts described in the Memoir on the Belemnite and 
Belemnoteuthis, published in the Philosophical Transactions, Part II. 1848, I ain in¬ 
duced to lay before the Royal Society the following additional observations in con¬ 
firmation of the opinions advanced in my previous communication on this subject. 

That distinguished naturalist, Mr. J. K. Gray, has especially controverted my state¬ 
ment that the phragmocone of the Belemnites of the Oxford Clay* possessed a pair 
of elongated shelly processes, which extended beyond the peristome or upper border 
of the conical chambered shell; the aperture resembling in this respect that of cer¬ 
tain species of AmmonitesIn the recently published a Catalogue of the Mollusca 
in the Collection of the British Museum*,'' Mr. Gray remarks, 44 1)r. Mantell has 
iigured a specimen which appears to have an elongated process on each side, like the 
processes on the sides of the mouth of certain Ammonites; but on examining his 
specimen I am verj doubtful if this appearance docs not arise from an accidental 
fracture of the upper part of the conical shell/’ 

Since the publication of my former Memoir, three Belemnites with phragmocones, 
in which the parts in question arc unequivocally manifest, have come under my ob¬ 
servation. Two of these interesting fossils arc in the Gallery of Organic Remains in 
the British Museum : the third is in my possession. In addition to these examples, 
evidence in proof that this structure is normal, and not the result of accident, has 
been afforded by numerous detached portions of belemnital phragmocones from the 
Oxford Clay and Lias, which display well-defined vestiges of the expanded bases of 
these processes: and that eminent palaeontologist, Mr. John Morris of Kensington, 
informs ine that be has recognized their presence in specimens from various strata 
and localities. 

In the three examples above mentioned, that part of the process which extends 

* The species of Belemnite to which my observations refer, Mr. Morris informs me is Belemnites Puzo- 
sianus of P’Orbiony, B. Owenii of Mr. Pratt. 

f Philosophical Transactions, 1848, Piute XIII. lig. 3. p. 181. 

I Part 1, Cephalopoda Antcpedia , p. 124. 
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beyond the upper or basilar margin of the phragmocone is well defined; and in each 
of these specimens the extension of the longitudinal plates or bands may be distinctly 
traced downwards, almost to the distal end or apex, as a thin nacreous shelly plate, 
striated longitudinally, and having obliquely divergent lines on the ventral margin. 

The finest specimen from Wiltshire in the British Museum (Plate XXVIII. fig. 1), like 
that discovered by my son*, consists of the osselet or guard (b) partially invested by 
its capsule, with the phragmocone in natural apposition: the latter is shattered and 
pressed almost fiat, but preserves a conical outline, and has on the upper part the 
right process ( e ), which extends 5 inches above the peristome or border of the cham¬ 
bered cone: a portion of the left process is seen at/; c, denotes the lower termination 
of the process. 

Fig. 2 represents the upper portion of this fossil of the natural size, and so clearly 
shows the parts described that further detail is unnecessary. 

I would particularly direct attention to the evident extension of the base of the 
process (x, x, x) down the phragmocone as a nacreous band or plate finely striated. 
Under a slightly magnifying power this expansion appears like a thin shelly integu¬ 
ment deposited on the external surface of the chambered cone, and is marked with 
curved diverging lines on the lateral border. 

In the former Memoir the number and position of these processes could not be 
determined with precision; the specimens recently obtained show that there were 
but two,—one on each side the aperture or peristome,—and these were situated nearer 
to the dorsal than to the ventral aspect. The siphunculus always occupies the median 
and ventral side of the phragmocone; and its excentric apex is directed towards the 
same region, in which is also situated the sulcus of the guard (see Plate XXIX. fig. 5). 

In the fragment of a large uncompressed belemnital phragmocone from Lyme 
Regis, for the loan of which I am indebted to Mr. Morris, the relative position of 
the parts above described is distinctly exhibited, Plate XXIX.; fig. 3,/,/, the remains 
of the lateral processes; g, the siphunculus, occupying the ventral aspect; h, the 
dorsal line. 

The outline, Plate XXIX. fig. 4, is intended to express concisely the facts described. 

With regard to the osselet (the distal solid part of which is generally termed the 
guard, or rostrum), I would remark, that Bince my former communication I have in¬ 
spected many hundred specimens from various localities, and have ascertained that 
although in detached examples (the ordinary condition in which these fossils occur) 
the rostrum appears to terminate by a well-defined line at the upper part, yet this is 
not really the case; for the same radiated structure originally extended upwards, 
and surrounded and protected the phragmocone as a sheath, and gradually became 
confluent with the investing capsule or periostricum; probably terminating in a 
horny flexible integument. A fragment of the receptacle taken from the upper part 
of a specimen, and which is not thicker than stout paper, is delineated under a mag- 

* Philosophical Transactions, 1848, Plate XV; fig. 8. 
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nifying power of eight diameters la Plate XXIX. fig. e. In this section are clearly 
seen the outer integument or periostricum {a), the radiated structure of the osselet 
(&), mid the shell of the phragmocone (c). Among the numerous Belemnites I have 
examined, not the slightest trace of an ink-bag or its contents , the sepia, could be de¬ 
tected. 

Belemnoteuthis. —Some uncompressed examples of the distal end of the phrag- 
mocones of this Cephalopod have lately been discovered; which must dispel any 
remaining doubts as to the generic distinction, first established by the late Mr. Chan- 
nino Pearce in 1842, being based on natural characters. 

The specimen figured, Plate XXIX. fig. 7, appears to me to afford conclusive evi¬ 
dence on the points in dispute. By a reference to my former paper, it will be seen that 
the longitudinal ridges, which are always present on the distal end of the phragmocone 
of the Belemnoteuthis, are regarded by those observers who contend that the latter 
belong to Belemnites, as plaits, or folds, originating from fracture and lateral com¬ 
pression. In the fossil before us these ridges are entire and well-defined; two are 
situated on the ventral and one on the dorsal region. Fig. 7* is a transverse section, 
enlarged four diameters, in which are shown the form of the ridges and the radiated 
structure of the solid part of ike phragmocone : I scarcely need observe, that in the 
true Belemnite the cone is chambered to the extreme apex. These characters will 
remind the palaeontologist of the very analogous organization of the Beloptera of the 
tertiary strata, alluded to in my former memoir*. In fact it is now proved that the 
Belemnoteuthis (as was originally suggested by Mr. Channing Pearce and Mr. Cun- 
nington) possessed an osselet of a radiated structure containing a chambered siphun- 
culated cone, but without an extended rostrum or guard; thus forming an interesting 
transition to the Belemnite, from which it is generically distinct-^. From the facts 
before us, our knowledge of the organization of the genus Belemnites comprises the 
following structures:— 

1. The investing periostricum or capsule , which enveloped the osselet, and extend¬ 
ing upwards, constituted the external parietes of the receptacle. 

2. The Osselet , characterized by its radiated structure, composed of trihedral pris¬ 
matic fibres, which terminated distally in a solid rostrum having an alveolus or conical 
hollow to receive the lower portion of the chambered phragmocone, and proximally 
in a thin cup-like expansion, which became confluent with the capsule, apd formed 
the receptacle for the viscera. 

3. The Phragmocone , or conical siphunculated chambered internal shell, the apex 
of which occupied the alveolus of the rostrum, and the upper part expanded into a 
capacious chamber, from the basilar margin of which proceeded two elongated testa¬ 
ceous processes. 

* Philosophical Transactions, 1848, p. 176. 

t The Conoteuthi* Dupinianut of M. D'Oabxgvy, from the Upper Neocomian strata of the Department 
4’Aube, appears, so fur as can be determined by mere description, to approach very closely to the Belemnoteu- 
this. It is stated to have a long slender osselet, terminated by a chambered cone, but without a guard or 
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Some of tbe specimens in the British Museum and in my own cabinet exhibit on 
the space around and between the processes, delicate striae, apparently produced by 
the imprint of the muscular fibres of tbe mantle or other tissues; and these 1 believe 
are the only indications hitherto observed of the soft parts of the animal to which 
the Belemnite belonged. 

In fine, the Belemnite is characterized by its rostrum and the investing capsule, 
and its phragmocone chambered to the extreme apex and having a pair of testaceous 
processes at the basilar margin of tbe peristome*; while tbe Belemnoteuthis bat 
simply an osselet of a radiated fibrous structure, inclosing a conical chambered shell 
that terminates distally in a solid obtuse point*}*. Whether the Belemnite resembled 
tbe Belemnoteuthis in possessing an ink-bag, and having a body with eight uncinated 
arms and a pair of long tentacula, future discoveries can alone determine. 

Although this communication may be devoid of interest to those who do not espe¬ 
cially cultivate the department of natural science to which this inquiry belongs, it will 
not | trust be deemed unimportant by the palaeontologist, since the new facts herein 
described tend to remove in some degree the obscurity which veils the original struc¬ 
ture of a race of highly organized beings, that swarmed in the seas of every part of 
the globe J during the secondary geological periods, from the Lias to the Chalk in¬ 
clusive, and which appears to have become extinct with the contemporary Cephalo¬ 
poda, the Ammonites, at the close of the cretaceous epoch 

Chester Square , Oct . 1849. 


Additional Note . 

February 14, 1850. 

Since the previous observations were communicated to the Secretary of tbe Royal 
Society, I have been so fortunate as to obtain from the Oxford Clay of Wiltshire, a 
Belemnite in which the two dorsal processes of the phragmocone are more perfectly 
displayed than in any specimen hitherto discovered (see Plate XXX.). 

From the rarity of such fossils, and their extreme fragility and perishable nature, 

* I do not mean to aver that similar processes exist in every species of Belemnite, for it is probable that, as 
in Ammonites, there may have been considerable diversity in the form and size of these appendages; and in 
some species the basilar margin of the peristome may have been destitute of them : my remarks exclusively 
refer to the species of Belemnites described in the text. 

t The facts described in the text are of course directly opposed to the views expressed in the following ex¬ 
tract from the Philosophical Transactions for 1844, p. 74; “ The association of the spathose {guards with crashed 
phr&gmocones identical in structure with those in connection with the fossil ink-bags and muscular parts.'* 

. X Belemnites have recently been discovered in limestone in the Middle Island of New Zealand, by xuy e ldest 
son, Mr. Walter Mantkll. —See Geological Journal for August, 1850. 

§ Belemnites first appear in the Lias, where they suddenly attain their maximum development. Many spe¬ 
cies abound in the Oolitic or Jurassic formation: in the Greensand they are likewise abun dan t; In the Galt there 
are but two or three small species. In the Chalk strata a modification of the type, termed Bekmmtett*, appear, 
and with these the race seems to have become extinct; at least no traces of its existence have been detected in 
any newer deposits, save tbe Bdoptera of the tertiary previously mentioned. I am not aware that any 
of Belemnoteuthis have been found in the Lias: hitherto I have obtained specimens only from the Oxford Clay 
aril contiguous strata. # 
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it is important to preserve faithful representations taken whilst the specimens are 
fresh from the stratum, for when the clay contracts by drying, the delicate shelly 
structure of the phragmoeone but too frequently shrivels and flakes off; 1 know of 
no means by which this decomposition can be prevented, and am therefore desirous of 
adding to the illustrations of this communication the accompanying drawing, by 
Mr. Mounsev, of the beautiful fossil above mentioned, in which are shown the elon¬ 
gated processes of the phragmoeone in their natural position on each side the dorsal 
line; the interval between them is occupied by a thin pellicle of a dark integument 
marked with very fine diverging parallel stria'; this substance is probably the inner 
lining of the capsule of the sepiostaire in a carbonized state, a condition in which 
animal tissues so often occur in argillaceous deposits. 

I likewise annex a drawing of another specimen (Plate XXIX. figs. 9, 10) of the 
distal termination of the osselet of the IMct/uiofruffiis, in which the alveolus or hol¬ 
low occupied by the chambered shelly cone is exposed; the cavity is filled with cal¬ 
careous spar, and is surrounded by a dense fibrous radiated structure, analogous to 
that of the ossclet of the true Bclemnite; an additional proof that in the Belcrnno- 
teuthis this investment is the o»elet or guard of the phragmoeone. After this evi¬ 
dence, the presumed generic identity of the Bclemnite and Belemnoteuthis must, I 
conceive, be abandoned by every accurate observer; consequently the form and struc¬ 
ture of the body and arms, and other soft parts of the Cephalopoda to which the 
Belcmnitcs belonged, have yet to be discovered. 


Description of the Plates. 

PLATE XXVIII. 

Fig. 1. Outline of a remarkably fine specimen of a Bclemnite with the phragmoeone 
and its elongated pioees^es, from the Oxford Clay, Wilts. In the British 
Museum. The length of the original is 22 inches. 

Fig. 2. Represents the basilar or upper portion of the above fossil of the natural size. 
e. The right, and/, the left process. 

x 9 x % .r. The base of the process spread over the conical shell of the 
phragmoeone. 

PLATE XXIX. 

Fig. 3. Part of the phragmoeone of a Bclemnite from the Lias, in the collection of 
John Morris, Esq. 

3\ Lateral view of a portion of the same, showing the remains of one of the 
longitudinal processes on the shell of the phragmoeone. 

Fig. 4. Outline exhibiting all the known parts of the Belemnite in their relative 
position, the osselet being split asunder longitudinally, and one side re¬ 
moved to show the situation of the alveolus, &c. 
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Fig. 5. The rostrum of the osselet of Belemwites Puzosianus from the Oxford Clay, 
Trowbridge, Wilts. In this specimen the upper part of the guard is re¬ 
moved and exposes the distal extremity of the phragmocone lying in its 
natural position in the alveolus. The ventral aspect is delineated to show 
the form and situation of the sulcus or groove (the characteristic of this 
species) in that region: the siphunculus is on the front of the phragmocone 
in this view. 

The several parts represented in the above figures are indicated as follow:— 

a . a . The pair of elongated processes of the phragmocone. 

b. Osselet, rostrum, or guard. 

b\ The upward extension of the expanded osselet. 

c. c . Siphuncle. 

d . cL The phragmocone. 

e. Section of the capsule or outer investment of the osselet. 

f. The apical or distal termination of the phragmocone. 

g. The alveolus or hollow in the rostrum in which the end of the phrag¬ 

mocone is situated. 

h. Vertical section of the guard, showing its fibrous and radiated structure. 

i. Ventral aspect. 

k. Ventral sulcus or groove. 

/. Section of the capsule investing the guard. 

Fig. G. Transverse section of a fragment from the upper part of the receptacle of the 
Belenmite near the base of the process; magnified eight diameters. 

In this thin pellicle are seen, a. the Capsule; b. the radiated fibrous structure 
of the osselet distinctly visible, though taken several inches from above the 
line which is usually regarded as the termination of the spathose osselet; 
c*. the shell of the phragmocone. 

Fig. 7. The apical or distal end of the phragmocone of the Belcmnotcuthis, showing 
the ventral aspect, and the pair of ridges : natural size. 

7*. A transverse section of the same, displaying the internal radiated struc¬ 
ture of the phragmocone and its solid apex: magnified four diameters. 
* * The two ventral ridges. This specimen is in my collection. 

Figs. 9, 10. The apical portion of the osselet of the Bclemnotcuthis, exposing the 
alveolus, or cavity occupied by the apex of the chambered cone, filled 
with spar, and surrounded by the dense, fibrous, radiated investment, 
analogous to that of the guard of the true Belenmite: the figures are 
magnified four diameters. 


PLATE XXX. 

A Belemnite from the Oxford Clay of Wiltshire, showing the pair of dorsal pro¬ 
cesses in their natural position: size of the original. 
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XIX. On the Algebraic Expression of the number of Partitions of which a given number 
is susceptible. By Sir J. F. W. Herschel, Bart., K.H., F.R.S. 

Received April 18,—Read May 16, 1850. * 


(1.) Before entering on the investigation which forms the object of this commu¬ 
nication, it will be necessary to recall to recollection some general properties of the 
differences of the powers of the natural numbers, or of the numbers comprised in tbe 
general expression A" 0*, which I have elsewhere demonstrated, as well as to establish 
certain preliminary theorems by the aid of those properties, which will be useful in 
the progress of the inquiry. I shall employ throughout the separation of the symbols 
of operation from those of quantity, as respects A and 0, in the manner followed 
in my paper “On the Development of Exponential Functions,” published in the 
Philosophical Transactions, vol. cvi. p. 25 (1816), and further extended in its appli¬ 
cation in my “ Collection of Examples of the Applications of the Calculus of Finite 
Differences,” appended to the translation of Lacroix’s Differential and Integral Cal¬ 
culus in 1820*, to which paper and collection the reader is referred for the demon¬ 
stration of the fundamental properties in question. 

(2.) Denoting by F(x) any series of powers of x, such as 

F(x)=Ax“+Bx 4 -|-Cx t 4- &c., 

and by f(x) any other as 

y(x)=Px' , +Qx , -f-Rjf+ &c. 

the series 

AP.A'0 ), -|-AQ.A*0»+BP.A*0'’+ $ic., 

continued till the terms vanish, by reason of the peculiar properties of the numbers 
A"0 P See., will be abbreviatively represented by 

F(A)/(0); 

and tbe following properties of the differences in question will be either found demon¬ 
strated in the works above cited, or may very easily be derived from the formulae 


therein given:— 

(1+Ar0»=x»... . (1.) 

(l+A)*F(A)0'=F(A)(x+0)'.(2.) 

(l+A)*F(Aj/(0)=F(AV(x+0).(3.) 

(l+A)'/(0)=/(x). • • . .(4.) 

{log(l+A)}'F(A)0»=y.y-l.y-x+l.F(A)0»-*.(5.) 

{log(l+A)mAiA0)=F(A)(^)/(0).(6.) 


* A separate edition of this collection (now out of print) is in preparation* 
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(8.) Furthermore, if we observe that 

i-(i+Ar j ={i-(i+A)'}+(i+Ani-(i+A)*}, 

we shall have, by applying each of these operative symbols to F(A)/(0), 

{1 -(1+ Ay*} F(Ai/ f (0)={1 -(1+ Ay }F(A^(0)+{1 -(1+A)*)F(A)Af+0) ; (70 
ROd therefore 

{l-(l+A/}F(A)/( ? +0)-{l-(l+A)’}F(A)/(p+0)={(l+A)'-(l+A)*}F(Ai/ , (0)i (8.) 

\ r ] 

(4.) In the particular case where F(A)=^, these become 

• l=^/(O)=l=i^/(0) + t^/O. + O); .... (9.) 

and 

■ • (>»■) 


‘ (5.) Designating by S(x") the sutn of the nth powers of the natural numbers from 
1 to x inclusive, or putting 


S(*") = l"+2 n +. 

it is demonstrated (Examples, § 6. Ex. 23.) that 

S(x*)=(—1)". — ( ■-iJ"— 1 0*=(-1)". .0* - A0" +-fi ) ;3 ±2) A , 0"-&c. 

and again, in § 8, Exp. 11 of the same work, that 


S(*")=(I+A). 


(l+A)*-l 


0 ” 


( 12 .) 


( 11 .) 


(6.) Furthermore, it will be necessary to recall in what follows, the notation and 
conventions of ‘ circulating functions,’ as explained in my paper on that subject, 
published in the Philosophical Transactions for 1818, vol. cviii. p. 144. Denoting 
by s, the sum of the xth powers of the #th roots of unity divided by s, or the function 

where a, j3, y, &c. are those roots, any function of the form 

will circulate in its successive values as x increases by units from 0: being expressed 
by A, when x is a multiple of#; by B„ when x— 1 is such a multiple, and so on. If 
. A„ B„ &c. be simply constant, the function may be termed a periodic one, since it 
assumes in periodic and constantly recurring succession the values A, B, C....N, A, B, 
&c. ad infinitum. If * be a specified number, as 2, 3, &c., we shall not the less use 

the notations 2„ 3„ &c. to express the respective quantities ^(as*4-/3*), g(«*+|3'+/), 

&£., wl|ere «, /3, &c. are. the corresponding roots of unity. And we shftll accordingly 
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have the following general relations, in which P, and Q» denote any eircnkting func¬ 


tions, such that 

*^ 1 -1 "f 1 *^r-l"I" $CC..., 

Q )r =A # .^4 , B#^*-i4 , C^ 1 +&c. 

/(P„ Q.)=/(«„ A,) .s.+A*>*> B.)&c., . ..(13.) 

of which, particular cases are 

/(P.) —/far) •*,+/<&) &c.(14.) 

K-<Z-s.+b%- x +d:.s.-,+&c .(13.) 

<^«Qr^4^«+Qf &C.(16.) 

P # Q,«o,.A # .4r,+6 # .B,.^ 1 + &c.(17.) 

(7.) As special relations to which we shall refer, we have 

vH*-i+.= 1,.(18.) 

and since also [y being any other index) 

^+r,_i+....^_i +1 ==i. 

Therefore, multiplying and denoting by S the sum of all terms so originating, 

.( 19 .) 

t having all values from i=0 to is#-1, and j all values from jssO tojssf— 1. And 
the same holds good for any number of indices x, y , z, &c. 

(8.) If n and $ be prime to one another, we shall also have 

1.(20.) 


For if the series of numbers 0, s, 2s ,.... (n— l)s be divided by n, they will leave s 
remainders, all different, and all less than n, so that among them will be found, 
though not in the same order, all the numbers 0, 1,2,.... (n—1), whence, since 

the truth of the equation (20.) is apparent. 

(9.) If n be a multiple of s, or n=te, then 

.( 21 .) 

But if n and s have a common measure v, so that $=zqv, then 

.( 22 .) 

Thus, for example, 

6,+6*-*+6 # _ 4 =:2*; 6,+6,_*=3, 

15,-f 15,.(}4' 

(10.) To find the product or other functional combination of circulating or periodic 
functions having different periods of circulation, they must be reduced to a common 
period. Thus, if m represent the product of s and f divided by their greatest com- 
uncccu 3 f 
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m<m measure, and thefunctioos to be combined be 

P, =fl».« t +6,.i,_i+ &c. 

Q, sA,.<,+B,t / .|4' Ac., 

we have by equation (22.), 

and consequently 

/{P« Q.}=/{fl„ A,} m,+f{b„ B,}»»,_,+ &c. 

For example, 

(a.2,+i.2^ 1 )(A.3 # +B.3,_ 1 +C.3,_,)=oA.6,+iB.6 # _ 1 +aC.6^,+iA.6,.,+«B.6^ 4 +iC.6,. 

(11.) The readiest way in practice and the surest way to avoid mistakes, which in 
complex cases are very likely to occur, is to proceed by a much easier process, as 
in the following example. Suppose we would express the product of the three 
periodic functions 

P,=2,+2.2,_„ Q,=3,+2.3,_,+3.3._„ R.=4,+2.4,_,+3.4._,+4.4,_ 3> 
the product of 2, 3, 4 divided by the greatest common measure of 2 and 4 is 12, 
which will therefore be the period of the product. Write then the several coefficients 
in order as follows: for 


p. 

i, 

2; 

1, 

2; 

1, 

2; 

1, 

2; 

1, 

2; 

1, 

2; 

&c. 

Q, 

i, 

2, 

3; 

1, 

2, 

3; 

1, 

2, 

3; 

1, 

2, 

3; 

&c. 

R, 

i, 

2, 

3, 

4; 

1, 

2, 

3j 

4; 

1, 

2, 

3, 

4; 

&c. 


i. 

8, 

9, 

8, 

2, 

12, 

3> 

16, 

3, 

4, 

6, 

24, 



and we shall have for the product 


12,+8.12,_,+9.12_,+8.12,_ 3 +2.12,_ < +.24.12,.,,. 

If the signs of the coefficients, or any of them, differ, they must be of course annexed 
to each, and the proper sign affixed to each product. 

(12.) If we denote by = the integer part of the quotient of any number x divided 

by another s, then, universally, 


X X *— 1 X— «+l 

j ^«+iS. 

= 7 — «{° 1 -#x-i+2 1 j 

and therefore the remainder, in the same division, is expressed by 


(23.) 


*-«.==0.s,+l.s,_,+2.«,_,+ ....s- 


(24.) 


(13.) If, again, we would express the integer part of the quotient lb the division of 
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| by a second Integer division t, we have, puttingy'for ' " 

7=7-7{°.< f + 1 .<,-.+!).<,-,+,} 

i ••••(*“ l)i,_,+i| 

-j{0.#,+ l.# f _,+..(*•) 

and so on as far as we please. 

(14.) The periodic function 0.1,4-1 .f,_,4- &c. depends implicitly on x, because y is 
dependent on x. Its value however (as well as that of any other implicit periodical 
function) is very easily obtained by following out the process explained in (art. 11). 
Suppose, for example, we had the more general periodic function of y, 

Then we may write down the successive values of x,y, q , in order thus: 


x 0,1,2,... («— 1); s, «4-l, .... (2«— 1); 2r,.; tn ,.... 

y 0, 0, 0,... 0; 1 , 1 , .... I ; 2 ,.. 1 1 •••• 

q , a, a, a,... a j i, 1,.... 5 j c ,...... j a,.... 


Thus we see that q, is a periodical function of x, having for its period st instead of 
either s or t separately, the first s coefficients being all alike and each —a, the next 
s all alike and each —b, and so on; or 

5r =:a {(*f)*4" •••( s 0*-»+i}~l”^{(*f)«-«4'‘.(^)*-«*+') "1”.4-*{(*0.r-<.+.+. ••• (*0-r—*»+i J * (26.) 

(15.) Hence we are enabled to express the value of = explicitly as a periodic func¬ 
tion of x ; for by equation (25.), if we put st=n, 

f = n “ n { 0 - 5 '+ 1 •*■»-«+ —*“ 1 •«*-+<] 

— S.t— 1 

But by equation (21.) we have 

.a J _ wt+ ,_i, &c.; 

and by the equation (26.) of the foregoing article, 
f, =» # 4-n,-j4--~ 

f,-i = v^.,,414"&C.; 

and consequently by substitution, 

|ss-—j|o.» # 4*l•»,-i4-2.»»-«4’..“.»“l(27*) 

3 F 2 












46* mi J. t. W. HKRSCBEL ON THB JtL^BBBAld BmiBSSION Of T8B"’’""'- 


(16.) These relations premised, |qt it be required to express the sum of x terms of 
the series 

p(a^b)+p(a^t2b)^r .^(a+riJsS,. 

Developing the several terms, we find 

S,==p(fl){l + 1 +. x terms} 

+j.p'(a){ 1+2+3+. x) 

*+~p , '(a){l*+2’+3»+ ....*•} + & c . 

Substituting then for the series of powers of 1, 2, 3, &c. their values as given by 
equation (11.), and separating tbe symbols of operation from that of quantity, we get 

S,= —^ A) ~‘ {g(a).0*—*(«) .j.0'+f(a) .^.0»-&c.|= --~ fl ^ A) ^ ( a -6.0). (28.) 

(17«) If we use in like manner equation (12.), it gives 

,S.*=(l+A)&±^—p(a+J.0)=^±-^=ip(5+?+4.0), . . . (29.) 

by employing the transformation of equation (3.), in which x= L, /(0)=p(a-|-6.0). 

Hence also, if _ 

S.=<p(a)+<p(a+b)+.. ,.ip(a+x- 1 .b), 

we find in like manner 

S, = I!±^!p (fl+ i. 0 ).(30.) 


(18.) Let it next be required to find the sum of the series 
S,=<p(a+b)+p{a+2b)+ ...,p(a+yb) 

to y terms, where y= = the integer part of the quotient of an independent index 
number x , divided by any given number s . By equation (28.) we have 

Sr= 1-(1 A - P(*-b.O). 

TMftw BtnAf * 


* 

4-^7^ *_»+•— 

X—8+ 1 

• g 1 

, . 1 , 


....(*-i).*,_, +1 l. 

If : we put 



( ».P) > ♦ 

P=-y< 

am.}, 

we get by equation .(9.), 



7 ^ p(a-pb+-b.d). 
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Now the first portion of this, since/>=-—*, is explicatin' terms of *, buttfae ether 
requires further development, for which we ipnst have recourse to equation (16.), 
putting Q # =(14-A) and P,=y=^(0.^+1&c.), wherewefiud , v , ,,, 

(1+A)’=(1+Aj*.*,+( 1 +A) * (I + A) &c. 

But we also have by equation (18.), 

1= #,+ ^- 1 + &c. 

Therefore, subtracting and dividing by A, and applying each term of operation to the 
term pb~h.O) of quantity, ' r r M 

1 ( A + ^-0)= ~ j <p{a—pb+b, 0) 

J_ 1_ 

&c. . (31.) 

(19.) The expression for S, in the last article is general and entirely independent 
of any particular values assigned to x, a , b, s, the only relation established being that 

expressed by the equation y= =. Suppose therefore that in a certain proposed case 

we should have 

a=x+^~~l; i=— $; 

and therefore 

pb~x ; a—/?&=$•— 1, 

and the expression for the sum of the series becomes 
S y = ^ -~ (1 ^ - A -^- V (j+j-1 +f.0) 


+ 1 (1 a +a) > (j-i+^0).^_, * • 

5 _ 

+ lrJ^l:^( 4 TZT+ > v.0).«,_ 1 +&C.;.. (33.) 

in which expression the first member or non-periodical part is an explicit function of 
x and «, and the periodical part has all its coefficients independent on x and functions 
of « alone. 

(30.) The periodical part of S, is however susceptible of another form, bett^adapted 
for numerical calculation, into which it may be thrown by making p=y=- in equa¬ 
tion (9.), when it becomes .!.!!■ >•. V 1 
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in which, for f(0) writing ?>(*—• 1 it becomes 

l -Q+£ lp(jZi + s .o)==l^i^L'|^_i+,.o)+^(*+ 4 .o)]- 

Similarly, 

1 +#.o)= 1 =^ l '{^'^T+ 4 .oh^+s.ohph^+s.o)], 

and so on; the general form assumed by our equation (9.), on applying this process, 
being 

1 Zi^-^O) = 1 ~ ( 1 / - ^- ) r {/i:0) +/(p+0) +/{2p +0).... +^«—T.p+0)} . . (33.) 

Supposing, then, for brevity, we denote the combination by y, and that we 

put 

1); >W®)=P(*—1 )+?(*); y,(s)=f>(s- 1 )+?>(«)+P(s+1); &c., 
then we shall have, finally, 


S,— 1 ( - t—— f U+s—H»j.o[-f0.s,+f,_,.v^,(j-t-0.^) 


4" &C.; . . . . 


=X+Y, 

where X represents the non-periodical part, a function of x, and Y the periodical, 
whose coefficients are constant. 

(21.) For the actual evaluation of these functions, all we have to do is to develope 
the operative characteristic in powers of A, and the attached functions in powers of 
0, and to apply them term by term to each other. As regards the function X, we 
find, by so doing. 


v If* *(*+*) . . f'fx+s—l) 

X= 1)-T2 •- A0 - -i- 

. f*( *+«)(*+2«) _ *(*+«) . ] 

1.2.3 - aU 1.2 i.% 

f *(z+«)..(a+3») *(*+»)(* +2«) A , n » ■ *(*-»-«) . Afl ,l j ”(*+«- 

\ 1...4 1.2.3 •***« T !. 8 •* l 3 i 

+ &c.,.(35.) 

in which it will be recollected that 

A0=l ; A0*=l, A*0*=2; A0»=1, A*0*=6; A'O*=0; &C. &C. 

(22.) In like manner, denoting by 4(*) in general, any of the functions *!',(*), *h(i), 
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&c., we have 


1.2*—l .3$—l 


2 


-e 


1,2.3.4 


l - A, » , - !; w 1 ^ w +w‘’ A0, )-S 


(36.) 


Hence if we put 

Y (s )=0 .vf yp,(s) .,+4aW ••*.-»+.'J'.-i(*K-.+» 

and denote by 'F'(.y), & c - the differential coefficients of ¥(*), regarding the 

discontinuous functions s„ Sec. o* incapable of differentiation , we shall have, finally, 


Y— _IA|/7 S \_£_l An —fit f * 1,2 *~ 1 A«0«_£ _1 s An*) j—(ll 

*— «[.*W i. 2 au - 1 +[ 1.2.3 1.2 '*'**° )• 1.2 

,i yw 

]l.2.3 


ft — 1...3* —1 

l 


1....4 




+ &C.| 


(37.) 


(23.) As regards s, in every part of the following investigation it will be regarded 
as a mere given integer number, so that the coefficients in s will come to be calculated 
in absolute numbers and need give no further concern. It is otherwise with those 
in x, which mix themselves up with the x contained in <p(.r+s— 1) and its differential 
coefficients in a way requiring special examination, as functions of an independent 

( d \ u 

fa) f>(x+s—l) in the 

development of q(x+s— 1 •—s.O). This term will be expressed in Arbogast’s nota¬ 
tion by 

V'<P( X + S ~ 1 )> 


and tbe corresponding term in X will be 


1.2...n 




i=Hi£l<r. 


The development of this in factorials x, x+s, x+2s, &c., and functions f, <p', f, &c., 
is accomplished in equation (35.), but if we would effect it in powers of x we must 
proceed as follows:— 

Suppose 2*7182818, &c. Then we have 


1-(1+A)" Q ._ 

A A 


* log (l+A)., «* {log(l+A)} 8 . a? {log(l+A)}» . 

=*T 7,'^A - 0 ^ ° +1.2.3* A 0 &C - 
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Bat by equation (5.), 

H^ieV-(l. S (i+4)}'.!a^!<r 

=■>(«-1). 

and therefore the foregoing expression becomes 

or, inserting the order of the terns, 
f 1 fog (I + A) 


0* - > J 


Io g^±.4) 0 . + 


(-O-jsriO" 

+=©■" !^W !».}. 

Now if B„ B„ B„ &c. be the numbers of Bernoulli in their order (the even values 
B„ B„ &c. being severally =0), we have 

log(l+A) . log(l+A) _I. logq+Al 1 

A u ~ 1 * A u — 2 ’ A ' r ~6 
and so on. Consequently 
I-(l+A )-7 




»(”-*) x> , n(»-l)(n-2) 


2.3 


B, 7 +" 


2.3.4 


B »-(i)"+ &c -}’.<ss.) 


the series on the right-hand side being continued to n-f-1 terms. This is in fact no 
other than Euler's expression for the sum of the series l“-f-2*+3"-f &c. to a given 

number of terms represented by p only that in the case here under consideration - f 
may be any fraction, while Euler’s demonstration of the series in question is essen¬ 
tially confined to -= a positive integer. 

(24.) If we make x— — 1, the foregoing expression becomes 

i-d+A)v i /iy+>. i/i\" n„ /iy-> »(*»-!)„ /iy-». . 

__..._ 0==v0 . = __(^ +5 (j)- 5Bi .(j) —Vr*B.(7) +&C. 

= ""* ?■+*{«+ ^2.3 +&C.|.(39>) 

continued to »+l terms, inclusive of the vanishing ones having B* B. &c. for co¬ 
efficients. 
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(25.) Thus the expression for X becomes 
X=f. ?(x+s- 1) -^V(x+*~ i) . 


2aP+$safl+s*x 


12 .* 
at*+ 2 *aP+s*a? 


1) 




24.* 


(40.) 


6afi+ 15X‘*+ lO**® 3 ** 4 * 


720.* 


? ,T (x+S- 1)- &C. 


y=-^w-V-^'w+“ 


•g-t-*.V(s). 


**—2* + l 
24 


¥"'(«)+ 


**±10*»-15*+ 6 
720 


•¥"(*)+&C.}.(41.) 


(26.) We shall now proceed to the more immediate object of this paper, viz. the 
expression of the number of ways in which a given number x is susceptible of parti¬ 
tion, the number of parts being given. 

Let s be the number of parts into which x is to be divided, and let a ll(x) represent 
the number of ^-partitions of which it is susceptible. It is evident then that if 
.v=l there is but one possible, so that in ail cases * 11 ( 0 ?) = 1. 

If $=2, the partitions stand thus: 


1, Jr— 1 ; 2,x— 2; 3, .r — 3;.... 


whose number is |. 


Therefore we have 




If s=3, the partitions so grouped as that none shall be twice repeated, will stand 


as follows:— 



1, l,x-2 

2, 2, x-4 

3, 3, x—6, &c. 

1, 2,x-3 

2, 3, x—5 

&C. 

1, 3, x—4 

&c. 


&c. 




The first column will consist of all the possible bipartitions of x— 1, each associated’ 
with 1, and their number is therefore s n(x—1). The second will consist of the 
bipartitions of x— 2, exclusive of (1, x—3), each associated with 2. Their number 
therefore will be identical with the total number of bipartitions of x— 4, because, so 
fas as the number of cases is concerned, it matters not whether we consider x— 4 as 
parted into (I,x-5), (2, x-6), &c., or x—2 as parted into (2, x-4), (3, x—5), &c., 
the reaso n of which will be obvious on trying any particular case. The number of 
terms therefore in the second column will be *II(x—4). In like manner that in the 
third will be TI(x—7), the bipartitions of x —3 beginning with (3, x—6), being 

MDCCCL. 3 ° 
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identical in number with those of x—7, beginning with (1, *—8), and so Thus 
we have „ 

*n(^)= a n(x- i)+*n<x-4)+*n(»—»+ &c- 

Next, with respect to the number of terms to which the right-hand member of this 
equation is to be continued: it will be that of the columns, which will continue without 
repetition so long as the number x—2m in the first combination (»», m, x—2m) of 
any one of them shall be not less than m, or so long as x—3m shall not be negative. 

SC X 

Hence we must have w*= =, since the next greater value of m, viz. mss^+l, will give 

3 3 


( SC SC SC \ sc 

=+1, |+1) x— 2g— 2j. Now x cannot exceed 3.= by more than 


2, so that x —2 = —2 cannot exceed =, and must therefore be less than = +1. Hence 
3 3 3 

we conclude that the number of tripartitions is derived from that of bipartitions by 

the equation 

5 II(x) =TI(x — 1) + a n(x—4) +... 'Tl(x —7).... to f terms. 

(27.) Applying a similar reasoning to the higher cases, we shall find as follows:— 

n(*) SB Tl{x~ 1)+ri(x- 1)+n(x-1).... j terms ; .... (42.) 

a relation which, with many others of greater generality, has also been arrived at by 
Mr. Warburton. 

(28.) Suppose now we set out from the equation l TL(x) = 1, and proceed to derive from 
this value those of *II(x), 8 IJ(x), &c. in succession. It will be apparent from the course 

of the foregoing investigations, and from the nature of circulating functions, that the 
* 

general expression for must consist of two portions, the one non-periodical, a 
function of x 9 and which may be represented by f (x), the other periodical or circu¬ 
lating, which we may denote by Q„ so that we shall have in general to consider the 

i-i 

following form of II(x), 

n(^)=f(o:)+Qw> 

from which to derive the value of IT(tf). 

When we substitute this in the general expression (equation 42.), we get 

n(*)=?>(*- ])+<p(x—s- 1) +. (y terms) 

+Q,-i+Q*-,-i+. (y terms), 

where y = =. Now with respect to the first portion of this, if f(x) in any one case be 

a rational integral function of x, it will be so in all subsequent cases, as is evident 

from the course of the preceding investigations. This part of A(s) then has been 
already dealt with, and its complete expression is X+Y of equations (34. 36.), or 
(38.39.). 





,'\fV : 
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,(29,) We have therefore now only to consider the remaining portions, which we 
shall call Z, via. 

Z=Q,_,+Q,_,terras, 

Q, may represent any circulating function. Suppose it to be such that 

Q*-l = %»(#) . ‘Xjm-lip) 'Wi-m+H 

and let any term of this, as %,(x)m,_, (which for brevity we will write simply x(x),m„ 
putting x=x—i), be separately considered. Let R be the portion of Z which origi¬ 
nates from this term. Then 

R=X(.*).m,,+%(a;--*) -”i,-.+x( x — 2s )■ m *-» .(y terms). 

Let ts—n be the first multiple of s, which is also a multiple of m. Then after t terms 
the value of m„ m,-„ &c. will recur, and therefore R resolves itself into t separate 
series, as follows: 

R=»,|55W+x(a-«)+x(*—2n)+....(=+l)terms} 

*)+x(' r —«-■*) +.(%=+1) terms j 

+ | x ( x — 2 a -)+%(- t — « — 2 s ) + -..-(=== + 1 ) terms j 
+ &c. (t series). 


Now we have 

whence 
and similarly, 


y—it jjjzlt 4 . y^l±l * 
y~* v-K ,y zl t + y-* t = l- t . 

=y=— i *y- 1 + t VtT— f ( *y» 


and so on. But by equation (25.), since st=n, we have 

— “|^0. fig -f* 1 .w # _j -j-2 ...n—* 1 


If therefore we put 


X 

* n 


we shall have 


= — 1.«.-!+..•• 1 

1 =1-Lp.+q .)! 1+^=5- 

3 G 2 
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and therefore by equation (27.), 

r=„..1H1±^±^ x (, + „ + „.o) 

“''’''' yJx+n-s+n.O) 

+ &C.+ &C., 

which resolves itself, by the transformation of equation (9.), into two sets of terms, 
R'+R", viz. 


I—(l + A)-* 


X(x+n+n.0)+m._,. 


1-Q+A)~* 


x(z+n—s+n.O)+ &c. 


(43.) 


R'=»i,. 
and 

R"=i«,. 1 ~ (1 'a^~ * x(«+w.O)+OT,-..- ~ (1 - + ^ ) - -- ' C x(w—5+w.0)+ &c. . . (44.) 

(30.) If, in pursuance of the process followed in the development of Y, we put 
X(*)=m,.x(.r+n)+OT,_,.x;(x+n—s)+ &c. (/ terms), 

(denoting also by X,(x), X,(x) &c., what this expression becomes when for z we put 
successively x, x— 1, x—2, &c.), we shall have 


R'= 


1 —(1 + A)~» 


X(x-fn.O) 


= ^IX W _^A0AX*)+{;^^ ) AW-*±^.»i0'}.^-&c. (45.) 

The whole assemblage of such terms, giving z all its values, from x tox—m+1, 
therefore will constitute a circulating function explicit in x, and which we shall de¬ 
note by Z'. 

As regards R", since s and t are given numerically, it constitutes a periodic function 
with constant coefficients, to obtain which we have only to consider that, supposing 
any one of the exponents p.+q, to be represented by 

a.»,,+^- n «-i+c.« # _ s + &c., 
we shall have by equation (16.), 

1-(1 + A)'» + »V_1-(1+A)* , 1—(t +A)* 

A - £ £ •«#-!+ 


(31.) In the particular case in which all the functions Xo(-?)> %,(x), &c. are constant, 
we may consider them as being themselves the coefficients of a periodic function, 
such that 


X4=X»-”^i+Xi 

so that if we should meet with such expressions as Xm> &<?•> they are to be taken 
as equivalent to Xi, &c., a mode of’regarding a series of arbitrary constants 
occurring in a certain order which will tend greatly to simplify and add clearness to 
what follows. Now we have, generally xi being constant, 


HHJ* 

A 
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Consequently, the terms R; and Rj' of R„ corresponding to %, in tbe same way as R' 
and R" in general to %• will become 

r;= {j»,+wi,_,+. 

K=- {m,+m,.,+ .p M .x, 

—m,{n,+n._ l + .n,_ l+l ) 

&c., 

in which it will be recollected that z=x—i. 

(32.) Now if v be the greatest common measure of m and s (v being 1, if these 
numbers be prime to each other), we have 

and consequently the value of R, or R ( +R { becomes 

( 5 —P.) 

— &c. 

(33.) Assembling together similar results for R*, R n .... R m _„ we have 

Z={x..v,+5Ci-v.-i+. Xm-, />.) 

— {«,+ .••H&.m, 

— n # _* + ,){%..»»,_, 

— &c. 

Now because m and .? have v for a common measure, and that n=ts is the first 
multiple of s, which is also a multiple of m, it follows that n=^.m, | being an integer. 
Hence we have by equation (22.), 

+n,_.i-,+. 

&c.=&c. 

Substituting these therefore, and so arranging the terms that n M shall always stand 
first, tbe series within the brackets on the right-hand, in the expression for Z, become 
respectively 

£>•»».+%. •».-!+.3C.-1 

Xm-.’»M+Xm—* +. Xm -l+S-1^4-8 + 1 
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which being multiplied by their respective coefficients, «,+«,_,+ &c., we get for Z 
as follows;— 

.(46.) 

— Xm~ .•»—+J 

— ••••(« terms)} 

— {Xm-.-n,+Xm-,*i •< n.-x +.(2s terms)} 

-{%»-«. -n.+Xm-H-H •«»-.+.(3s terms)} 

— &c. 

The first line of this is a circulating function, linear in x in all cases except when 
v=l, ortn and s are prime to each other, in which case it loses its circulating 
character and becomes simply 

f(X»+Ki+Xa+ .(47-) 

As regards the second line, we have 

— •”*+”- 1 •»—«+••• 1 

and since n is a multiple ofs, and therefore of v, the multiplier within the brackets is 
readily reduced to a periodic function having n for its period, such as a. 

&c., which, multiplied by gives 

^jwa.n # +»— 1.4.n„_,+&c.j, 

except when »=1, in which case this expression reduces itself to 

\(x>+x>+ —Xm- ,){»•»,+«-.(48.) 

(34.) To apply the foregoing formulae to the expression of particular cases as 

2 9 4 1 V 

n(x), n(x), IT(x), &c., we begin with II(x)=l. Therefore, to find n(x), we have 
p(x)=l, <p\x) &c.=0, 4t(s)=s-l, s=2 ; 

consequently 

X=|; v(*+0.*) = — \\ ,Y=—i.2,_„ 

and therefore 

n(x)=|(x-2,_.).(49.) 

(35.) For the case of $=3, we have 
?(*)=!; ?>'(■*)=^ 5 


4'i(')= *; 


■'/'.(*)—^=i; 4'»(*)=|; 4 ( .W=* l + ~=l 
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and therefore 
For Y we have 

¥( J )=0.3,+ 1.3._,+§.3._, 
¥'( 5 )=0.3.+i.3._ l +3,_ > 

whence by equation (37.), 

Y = - ^{2.6._, + 6.6,_,+2.6._ 4 +6.6,_ 5 }. 

For Z we have 

Q,= -5.2,_, Q,_, = -|2. 

whence 

m=2, s=3, ms= 6, v=l, x,= -|, 56.=° 
and by (45.), (46), (47.), 

Z=-^-^f 6 .6 # +5.6._ 1 + 4 . 6 .-,+3.6 # _,+2. 6 ._ 4 + 1 .6,.,} 

+^{6,+6 t _,j+^{6 # _,+6,_ 3 +6,_ 5 | 

= -S+^{ 6 *-'+ 2 - 6 -*+ 3 - 6 '- 3 “ 2 - 6 *-‘ +6 - 6 *-‘} 

adding all which parts together, we have X+Y+Z, or 

n ( x )=il{* ,-6 .-i —4 -6.-.+3.6,_,—4.6,_«—6,_,j. . . . 

(36.) When $=4, we have, therefore, 

<P( x ) = T2> ?'(*) =% fV) = i 2 2 


and, therefore, by equation (35.), 
X==^{x(x+3)*-^^.2(x+3) + {^if^ 
For Y we have 


. 2 — 


x(x + 4) 

“ 2~~ 




x* + 3x* 
144 


, rj . - 9 

vM— 12 —12’ 


,,, . 2(*-l) 6 

^.W=-T2”=T2 ; 


#(*)= 


12 


, . , («-l)*+»* 25 ,,, x 

^»(*)=-12- —f2 : ’r'W 


2(*-l) + 2* 14 x 4 

.---^,W=l2 


..x (*-l)*+«* + (*+l)* 50 x «(*-l) + 2 » +2(t + l) 24 

^. W =-' 12 -=" 12 ; - 12 - —"12 ’ 



^( tf )=^|0.4 # +9.4,_,+25.4 M +50.4._,J 

V(#)= I ~{o.4.+6.4 # _ l +14.4 # _ f +24.4._,} 

r'(s)=^(o.4 # 4-2.4,.,+4.4^ 1 +6.4^,J, 


(50.) 
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whence by equation (87*)> 

= 4»+1 • 4,_i+6.17.4,_,| 

= - I 5 i { 0 .12,+3. , 2 # _ l + 1 8. 1 2 # .,+61. 1 2,_,+°. 1 2 < _ 4 +3. 1 2 # _,+ 18.12 # _,+ 

+51.12 # . 7 +0.12 i _,+3.12,_ ( +18.12 # _ 1 ,+51.12 # _ n }. 

Lastly, for Z we have 

Q, ={-0.6,-l .6,.,-4.6,_ i +3.6 # _,-4.6,_ 4 - 
Q^,={-1.6.-0.6,_,- 1.6 # _ 1 -4.6 # _,+3.6,_ 4 -4.6,_,}.i 

consequently 

m=6, s=4, v=2, t=3, n=st= 12 

1 n 1 _ 4 • 3 4 

Xfi — ~~l2 y ^^ — 12 J &— 12 J X*— *12’ —"~12’ 

and therefore, by equation (46.), which gives the value of Z in this case, putting Z' for 
the first line of Z, Z" for the second and Z ,;/ for the rest, 

z -ns{- ,!! -- 0 - 2 -' -12 — _4 - 2 —+ 3 - 2 —- <a —} 

=iJj{<- 1 - 1 + 3 >- 2 --H 0 - 4 - 4 >- 2 ~'} 

a? f A _ ^ ) a: 9x 

—8,2 *- , } — 144“Tfi' 2 *-' 

Z"=(2 # -8.2^,). I |- 4 |l2.12.+ 11.12,_ 1 +l0.12 # _,+.1.12_„}, 

which, putting for 2, and 2,_, their values 

12 # +12,_,+ 12,_.+ 12,.,., 


becomes 


12,_,+12,_,-}-.••• 12,_u 


Z '-l44{ 12 - 12 '- 88 - 12 —+ 10 - 12 -*-72.12 4 _,+8.12 # _ 4 -56.12,_ 4 +6.12^,- 
—40.12 # _ 7 +4.12,_,—24.12 # _ # +2.12,_„— 8. ] 2_„ j; 

and lastly, 

Z " “4( 1 * 12 '+° • 12.-, +1.12,_,+4.12,.,} 

+lV(l • 12.+4.12._,-3.12,_ t +4.12._,+1.12,_ 4 +0.12,_.+1.12,_«+4.12,_ r ) 
+n{“ 312 '+ 4 ' 12 *-.+ 112 4 _ 1 +0.12 # _,+ 1.12 # _ 4 +4.12,_,-3.12 # _,+4.12,_, 
+1.12,_,+0.12,.,+1.12,_„+4.12,.,,} 
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=rs{“ l2,+8.12..I-1.12,.,+8.12._,+2. I2_ 4 +4.12...-2.12_,+8.12..,+ 

+ 1.12,_,+0.12..,+1.12._ 10 +4.12,_„j. 

And assembling these several portions, X+Y+(Z+Z"+Z"'), we get 

n (' r ) = + '*' r * — 9x • 2._, | + jjj{° • 12,+5.! 2,_, — 2°. 12,- s —27.12,_,+32.12._ 4 


-11.12,_j—36.12,_ s +6.12._,+16.12._ 8 — 27-12._ ( — 4.12..,, — 11.12._„ j. 
(37.) Proceeding now to the case where £=5, we have 


whence 


Q(‘ r ) = JJ4 , f(^): 


=g.**- + - 6j ^1=!^ $'"(x)=— 
144 * p W— 144 > V W —144» 


4 (x + 4)=fc±^±i>, rt , + 4)=!!i±i&±fi, f -(,+4)=M, rt.+4)=i! 


’144’ 


and executing the reductions, arising from the substitution of these in equation (35.), 
we find 

y_a^ + lOa^-f 19ic*—22ar 

' 2880 • 


Again for Y we have 


whence 


4,(5) = p(4); ^(5)=<p(4)+p(5); ^ 8 (5)=^(4)+^(5)+^(6), &c., 


7 , /M^ 2 . ! /ew 6 * 6 f ^\_. 1126 

’ri(5)— - 144 • T/i'*) —144’ T , a(S) — 144 , Yi('*) — 


144 


l'/*w2£ 

ti( 5) —1 44 ; ya(5) —144 i ¥»0>) —144! V'aO*)—• 144 

!"/C\ ^ 1 "/Z\ ^ I »/r\ r f "/g \_ jjj* 

— 144? ■J / a(^)~“]44 5 'M^) —144* YA^) — 144 

^T(S ) 5=2 1447 —J 44 » % M 5 ) := i 44 * ^4(5)=Y44 

Y(5)=~{ 0 .6,+ 11 2.5._ , + 3 12.5..,+63 6 .5..,+ li26.5.. 4 } 

+(5) =—1°. 5,+72 • 5._,+177.5,.,+321.6._,+610,6._ 4 J 

r(6)=ii{ 0 .5.+30. 5 ,. 1 + 66 .5..,+ 1 08.5..,+ 15 6 .6^ 4 } 

r'(5)= T i- 4 {°.5.+6.6.. 1 +12.5.. 1 + 1 8.6._,+24.5.. t J 

Y=- 5 ± 5 {+(5)-2.T(5)+r(5)+|r'(6)} 

= -5~{°.5.+8.5.. I +128.5.. t + 4 66.6^,+ 11 12^ 4 }. 

3 H 
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(38.) For Z we have 

Q. =-^.2,_,+ T 5 5 {b.l2 # +5.12,_ I +.-11.12,.,,} 

a-,=- ? T5^-2,+ i^4{-l , .12,+ 0 .12,.,+5.12,..-4.12,.,,}. 

It will be convenient to separate this into two parts, viz. 

__ 9(r-l) 

and 

< ^->=I34{- 11 - 12 '+°- 12 -'+ &c -}- 
First, then, for <£_„ proceeding as in article 30, we have 

9 

Z=X, &(*) = — ra (x— 1) ; %,(x)=0. 
X(x)=2,. Xo ( J r+10)+2,_, Xo (x+5) 

= -^{(^+9) .2,+ (x+4) .2,.,} 

x , w=-i|-A+ 2 ,.,)=- i | i , 


whence Z' consisting now of the single terra R', 


z --iSo{ x, + I ( 9 ' 2 '+ 4 - 2 -')-^ (i J i£) } 
== ~ 288t){' r,—2x +19x. 2 ,}. 


As regards the other portion of Z, which in this case is R", it has for its expression 

10 • °)+ 2 - ^(4+10.0). 


Now, whatever be h and c, we have always 

^ (c-(-10.0) = (5— c)h — bh*. 


In this, if we write for A successively K—p.+q, and A"=p,- \-q„ and for c, 9 and 4, we 
find 

Z"= +^|2,(4A'+5A'») - 2,_,(A"— 5A"*)}. 

Bat since x=10 and s=5, we have 

V = -^|o.10,+ 1.10,_, + 2.10,-s-(-3.10,_3+4.10,_4—6.10,.,—4.10*-#—3.10,_7—8.10,-«—1.10,_ # J 

P=-L{o.10,+ 1.10,-, + 2.10,_,+ .+9.10,.#}. 

Substituting which in Z" and employing the property of equation (14.) for the com- 
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potation of the coefficients, we find 

7>r- 9 l'2,{0.10,+9.10,-, + 20.10,-,+33.10,_ 9 +48.10,_,-lS.10,- 8 -l6.10—6—15.10,-?—Ig.10,,-*.— 7.10*-»} 
*880[+8,_ 1 {o.10,-1.10,_i+0.10,-,+8.10,_,+8,10,_4+15.10,_,+24.10,-»+35.10,_ 7 +48.10,_ 8 +63.10, 

=~{ 0 .1°.-1.10^. 1 +«0.1 0 ,_,+ 3.10,- s +48.10,-4+ 1 5.10 j - 6 -16.10,_«+36.10,- ? -18.1 0 ,.,+63.10,_,|. 

(39.) Finally, we have to consider the portion Z" of Z originating in Q*_„ in which 
the values of %„ &c. are given I»y the equation 

1 • 12 ( +0.12<_,+5. 12,.,-20.12,.,.-4.12,.,,}, 

the coefficients being those of equation (51.) in their order of circulation. We have 
also, since in this case m= 12, *=5, and therefore prime to each other, u=l, /=12, 
n=60. Whence 

78 

and therefore 


z "~ ~Wtk~^m^{ 60 ^ 60 ' +59 ^ 60 '-- ,+58 - 60 '-*+ . 

_ si8o{” n ' 60 ' +0,60, ” ,+5 ' 60 '" 2_20,60 " a_27 ' 60 '' 4 } 

- *U-36.60,+ 5.60,-, + l6.6,-,-27.60,_,-4.60,-4-11.60,_ s +0.60,-,+ 5.60,- 7 -20.60,- 8 - 
SCooU t 

~ IMS {+ 5 - 60 -— 30 * 60 — >— 27 - 6# '--<.- 

-~{ + l6.6°,-2 7 .60,- 1 -4. 6 0,-,.- 

__!L{-27.6o,+32.6o,-,-n.6o,_,.- 

“Sow ( 


-4.60,-11.60,-1 + 0.60,., 


- j -11.60,-36.60.-,+ 5.60,_, 


0 . 60 ,+ 8 . 60 ,-,- 20 . 60 ,-, 


_JL|+5.60,+ l6.60,-,-27.60,-a.. 

—*LJ-20.60,-27.60,_,+ 32.60,-, 
28801 

— *L/ _ 27 . 60 , - 4 . 60 ,-, - 11 . 60 ,-, .. 
28801 

—!L| +32.60,-11.60,-,-36.60,-,.. 


27 . 60 ,-, } : 
• 27 . 60 ,_ M }. 

27.60, -,,} 

27 . 60 , -*} 

27.60, -»}| 

27.60, _j4} 
* 7 . 60 ,.#}; 

27.60, -44} 
■27.60,-4,} 

27.60, -44} 

27 . 60 , -*} 


Assem bling, finally, the several portions, X, Y, Z 1 , Z", Z ,H , of which II(x) consists, 
and reducing those periodic functions, which have 5 and 10 for their period, to a 
period of 60, we see 


3h2 
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n ( x ) = a5io{**+ 1 °**+ 10:r"—30x—90.1.2, J 

+2Ao{ 0 - 60 * +9 * 60 '- +104 - 60 *- , ~ 387,60 *- , "" 676 - 60 '- 4+905 - 60 '-* 

-216.60,.,—351.60,.,—256.60,.,+9.60,.,+360.60,.,,-31.60,.,, 

—576.60,_ lt +9.60,_„+104.60,_ I4 +225.60,_„—576.60,_„+329.60,_ i; 

—216.60,. ,,—351.60,. ,,+320.60,_*,+9.60,_„—216.60,_ m —31 .60 ,_ m 
-576.60,_ m +585.60,. m +104.60,_ b) -351.60^ w -576.60,. m + 329.60,_» 
+360.60,_ m —351 .fe0,_„—256.60 ,_ m +9.60,_ m —216.60,_ m +545.60,_ m 
— 576.60,_„+9.60,.,, + 104.60,_„-351.60,_„ l +0.60,_ 4 ,+329.60,_ 41 

— 216.60,_„—351.60,_ 4S —256.60,_ 44 +585.60,.,,—216.60,_ 4 ,—31.60,_ 47 

— 576.60,_ 4 ,+9.60,_ 4S +680.60,_ M —351.60,.,,—576.60,_ M +329.60,_„ 

—216.60,_ M +225.60,_„—256.60,_„+9.60,_ w —216.60,.,,—31.60,_„j. . 

(40.) The periodic function 0.60,+ ....&c. maybe somewhat simplified byresolving 
it into the sum of three others, having respectively 10, 20 and 30 for their periods. 
For on inspecting its coefficients, we find that the differences of any two, distant from 
each other by 30, are alternately +360 and —360. Now if we suppose, generally, 
any such function as 

ff 0 .60,+a,.60,_,+&c. 

to be made up of the sum of three others, 

/v30,+p,.30,_,+&e. 

9o ■ 20,+y, .20,.,+&c. 

*V 10,+r,. 10,_,+&c., 

we shall have, supposing i any number of the series 0, 1, 2,... 9, 

p 1+ i.+y i+ io+n=a l+ ... Pi+«o+yi+^^^.+jo 

Pi+qt* u +r t =a 1+305 Pi+i®+yi+n= ^f+405 P( + »+?i + io+r,=a i + B0 

which give the following equations of condition among the coefficients a , 

a 30+i~~ a i = ~~ ( a 40+i fl I0+f) ==a 50+< a 30+i 

And if these be satisfied (as in this case they are), we have only further to establish 
the following relations between p, y, r, viz. 

Pt+lO = Pi m i’( a i+l« mmma i+9o) » P%+9t>~Pi m {*( a i+1» mmma i) 

9<+io = yi + (tf<+ao~ a <)' 

Among the sixty coefficients therefore which this assumption places at our disposal, 
twenty remain arbitrary, and may be put =0. * 

Suppose, for example, 

9 <=°> #+*>= 0 , 
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which give 

pi— a t ~ a f+M> Pl+ 10 = (®<—' U(+so) 4 " (®i+18 — a i+u>) 

These being calculated, the function 0.60 # +9.60,_,+&c. reduces itself to the fol¬ 
lowing, which seems the simplest form it admits : 

-320{30,-30,_ 8 +30,_ 8 -30._ 8 +30,_ 9 -30 # _ 9 +30 t _ 9 +30,_ 1(1 -30,_ u +30,_ 18 
““ 30 # _ u+30,_ 1# —30,_ , 7 +30 # _ , 9 } 

+360{20,_ 10 +20._ I1 +20,_ 18 +20,_ l8 +20,_,4+.20,_ 19 ) 

+ {320.10,+9.10,_,—216.10,.,—31.10 # _„-576.10^+585.10 # _,+ 104.10 # _, 

— 351.10,_ 7 —576.10„_ 8 +329.10 f _ 9 .(53.) 

(41.) The problem, “In bow many ways can a given number be constructed,” is 
reduced by the author of a short but interesting paper in the Cambridge Mathema¬ 
tical Journal, iv. p. 87 # , to the integration of the equations of differences 

and ,-■ m,-,,,*—M f-i, 

which last equation corresponds to the case where it is required to find in how many 
ways x can be composed of numbers none greater and not all less than y. The ana¬ 
logy of this problem with that here treated is obvious, the function u, y being in effect 

V 

identical with that which in the above notation would be expressed by n(x),y corre¬ 
sponding to our s . Accordingly, as far as y = 4, to which limit only the inquiry is there 
extended, the results are identical (the mode of expression excepted) with those of our 
equations (49.), (50.), (51.)-f\ The method there pursued (by the successive integra¬ 
tion of equations of differences) would of course continue to afford similar results, but 
without some systematic processes of notation, transformation and reduction, such as 
those delivered in the foregoing pages, would speedily become too complicated to be 
followed out, though the sort of form which would ultimately be assumed by the result 
seems to have been clearly apprehended. Observing that in the cases of y=2, 3, 4, 
the results express in fact the nearest integers to certain rational fractions, such as 

in the case ofy=3, —— (x even) and- 2 -(x odd) when y= 4, it is sug¬ 

gested that “ probably this simple species of description might be continued.” This, 
on examination of the value above given, when y or s= 5, appears to be the case, but 
for higher values it will be necessary to enlarge the terms of the description, so as 
to take in circulating functions of higher orders, and with more complicated coeffi¬ 
cients. To make this apparent, suppose f=6. Then, without going into the whole 
calculation (which however would not be materially more complicated than for s= 5, 
and would lead, as in that case, to a final period of 60, only not reducible to the sum 

* It bears no name, but I have reason to believe it to be the production of Professor DkMohgan. 

t Mr. Warburton has also obtained expressions for the number of partitions as far as 4, and his results! 
muiatis mutandis, agree with the above. 
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of lower periods), it is easy to see, that besides a non-periodic portion of 5 dimensions 
in x, and a periodic one with 60 constant coefficients, there will also be a circulating 
portion of the form 

whose coefficients may rise to the second dimension in x. In fact, if we execute the 
calculation of this portion by the foregoing processes, we find for the values of the 
coefficients 

, , 4500®*+15750a; 3209a; 

a,—e t — 0 ; b,—a ,— — 172 'mx) 5 c *— 172800 * 

With regard to the constant coefficients of the periodic portion, it is easy to see, 
from the manner of their formation, that they must all fall very far short, in nume¬ 
rical magnitude, of the half of 172800, so that the whole effect of this periodical part 
does, in effect, go to adjust the final value to the nearest integer of the rational frac¬ 
tion arising from the assemblage of all the terms in x, and a similar reasoning will 
apply in all cases. 

(42.) The number of partitions of which a given number x is susceptible, admitting 
0 into them as a component part, is the sum of the number of l-partitions, biparti¬ 
tions, tripartitions....up to s-partitions. It may therefore be found, by adding toge- 
« 

ther all the values of II(x), from s= 1 to s=s inclusive. But it may also be obtained 
by formulae in all respects similar to those above demonstrated; for if we take 
n,(x) to represent this species of partition, we have, if «=1, n,(x) = l as before. For 

f=2 the partitions stand 0,x; l,x— 1; 2, x— 2; ... (|+1)terms, that is, 
n j (x)=n,(x)+n i (x-2)+...(|-|-l)terms. 

Similarly, 

n,(aO=n» W+n>(^-3)-f • •.. (|+1) terms, 

and so on to 

II,(x)=n,_,(x)+n,_,(x—s)-|-.... 0+1^ terms, 
of which the formulae of (30.) and (31.), duly applied, give the value 


n,(x) = — A) (j+h-*. o)+— ( 4 ± * - * n,.,(H-*-o), 


where 


?=“if- 1 2.l^,_. +l }> 

which, developed, affords a calculable value of the function in question. 


Collingrvood, April 17, 1850. 
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XX. Experiments on the Section of the Glossopharyngeal and Hypoglossal Nerves of 
the Frog , and observations of the alterations produced thereby in the Structure 
of their Primitive Fibres . By Augustus Waller, M.D. Communicated by 
Professor Owen, F.R.S. 


Received November 22, 1849,—Read February 21, 1850. 

THE object of the present observations is to describe certain alterations which take 
place in the elementary fibres of the nerve after they have been removed from their 
connection with the brain or spinal marrow. 

The following is a brief summary of the opinions and researches of modern physio¬ 
logists on alterations of the nerve-tubes. 

Burdach* placed a ligature on the sciatic nerve of a frog, and after the lapse of 
a week found no alteration of the primitive fibres either above or below the ligature. 

Steinruck^ did the same, and states that in three cases the whole nerve was more 
slender than on the healthy side, and ascribed it to the atrophy of the neurolema. 

Valentin}; denies likewise that there is any alteration of the primitive fibres in the 
lower portion of the nerve. 

Gunther and Schon^, whose researches are most interesting, state that the primi¬ 
tive fibres being examined towards the end of a week, after division of the nerve 
when it had lost its irritability, it was perceived that they had no longer the full 
round appearance of the sound ones. Here and there their contents appeared as if 
curdled; from eight to fourteen days after section these structural changes became 
still more evident, and continued to increase until the fibres appeared flat, broken 
up, entirely losing their transparency, their contents appearing as if disjointed. 

Na 8SE || states, that five months after section of the sciatic nerve of a frog, the 
tubes below the section were broken up into granules and small clumps; that all 
the nerve-tubes were strongly granulated, in some the small granules being united 
into oval bodies, which appeared to be surrounded by a pale cylindrical membrane, 
which in some was wanting, owing probably to its disorganization. 

Having in a former communication to the Royal Society described the nerves of 
the papiltse and of the muscular fibre in the frog’s tongue in their normal condition, 

* Beitrag zur Mikroskopischer Anatomie der Nerven, E. Burdach. Konigsberg, 1837, p. 42. 

t De Nervorum Regeneration©. Berolini, 1838, p. 72. 

X De Functiouibus Nervor Cerebral, &c. bib. iv. 1839, p. 127. 

i MUllrr’b Archiv, 1840, Versucbe und Bemerkungen ttber Regeneration der Nerven, p. 276. 

H Ueber die Veranderungen der Nerven-fasem nach ihrer Durchschneidung, MCllkr, Arch. 1839, p. 409. 
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it is my intention at present to describe various alterations, as seen under tbe micro* 
scope, which take place in the structure of the same nerves after their continuity 
with the brain has been interrupted by section. The innervation of the frog's tongue 
is, as I have already shown, derived from two pairs of nerves, one arising from the 
brain, and traversing a foramen in the posterior part of the cranium, accompanied by 
the pneumogastric nerve. This pair corresponds to the glossopharyngeal in Man. In 
its course it descends until it reaches the hyoglossus muscle, when it is accompanied 
by the lingual vessels passing over part of the hyoid bone, and entering the tongue 
without giving off any branch to the throat. The other pair arises from the anterior 
part of the spinal marrow, traverses the first cervical foramen, and constitutes the first 
cervical pair of nerves. Following the example of Burdach, I regard this pair as 
corresponding to the hypoglossal in Man, and shall apply that term to it. It takes its 
course towards the tongue in a similar direction to that of the former pair, giving off 
several branches to tbe muscles of the neck and throat, and when it reaches tbe hyo¬ 
glossus muscle it is considerably smaller than the glossopharyngeal. After attaining 
this muscle it runs parallel to the former nerve, passing below the hyoid bone in its 
transit to tbe tongue. For a more minute description I must refer to the paper of 
£. Burdach, of which a translation has appeared in the Annales des Sciences Natu- 
relles. 

Division of the Glossopharyngeal Nerve. 

That division of these nerves produces some serious lesion is proved by the death 
of the animal, which generally takes place a few days after the operation. Consider¬ 
ing the well-known tenacity of life possessed by these animals this was quite an un¬ 
expected result, for which I arn unable at present to afford any satisfactory reason. 
We can only surmise, that besides their gustatory powers, they have others connected 
with respiration, in regulating tbe action of the tongue in closing the nares, for forcing 
the air into the lungs. Whatever may be the true explanation, it is impossible not 
to regard this result with surprise, when we consider the serious lesions which this 
animal is capable of undergoing at other points of the frame without loss of life. The 
usual time which it survives is variable, and depends greatly on the season of tbe 
year. If tbe examination takes place in summer, death frequently ensues on tbe 
fifth day; if in winter, not before tbe twentieth. For the purpose of avoiding this 
loss of life, I adopt the plan of dividing the glossopharyngeal on one side only of tbe 
tongue, and I find that it has the desired effect of preserving the life of the animal, 
while we can observe the same alterations on the corresponding side, as well as when 
both nerves are divided. Another advantage found in the division of a single nerve 
is, that on the uninjured side we have constantly at hand a means of comparison by 
which we can judge with certainty respecting any alterations that may be produced 
in the divided nerve. In cases of any doubt, it will always be found of the greatest 
service to examine at tbe same time a minute fragment from each ride of tbe tongue. 

Tbe first effects of section of a glossopharyngeal nerve at the throat, are decreased 
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power of moving the tongue, diminished sensibility, generally very slight on the 
divided side, and symptoms indicative of some disturbance of the nutritive functions. 
The diminution of motor power is very slight, as is evident by the almost molecular 
tremor which still exists in any part irritated, and by the capability of retracting the 
tongue. The loss of sensation, which is also very slight, arises from the section of a 
few sensitive filaments which are contained in the glossopharyngeal nerve, and are 
distributed principally about the tubercular extremities. The lesions of nutrition and 
circulation on the side of the division are very variable and uncertain. Sometimes 
that half is oedematous, particularly towards the tubercle. Sometimes the papilla 
are much injected and congested, while in other cases this side is more pale than 
the other. In many instances no difference can be detected between the two sides, 
until the organ has been slightly irritated, when on the divided side the vessels, and 
especially those of the fungiform papillae, become congested and of a deeper red than 
on the other. Some of these differences probably arise from causes independent of 
the nervous lesion, as the vessels of the tongue which accompany these nerves are 
doubtless injured in some of the experiments. 

During the first two or three days after section, no alteration in the texture and 
transparency of the tubes of the papillary nerves can be detected. Generally, at 
the end of the third and fourth day, we detect the first alteration by a slightly 
turbid or coagulated appearance of the medulla, which no longer appears completely 
to fill the tubular membrane, which does not appear to be affected. These alterations 
of the medulla are best seen in a fragment to which a little distilled water has been 
added to render it more transparent. When examined twenty-four hours after death, 
the difference between these and the nerves on the healthy side is still more evi¬ 
dent. Commencing decomposition on the healthy side causes the nerve-tubes to 
swell considerably, so as to attain nearly double their ordinary size. On the divided 
side the disorganized nerve retains nearly the same size and appearance as when 
fresh. Caustic potash, which dissolves all the tissues except the nerves, renders the 
altered nerves more transparent, and consequently the morphological changes are less 
apparent. Nevertheless, by comparative experiments made simultaneously, we may 
still detect a difference between the nerves of the two sides. In some cases, in about 
three or four days after section, I have traced the turbid state of the nerve from the 
fungiform papilla into branches containing forty or fifty tubes, where it did not ap¬ 
pear to terminate, but where the opacity of the nerve prevented my observing it any 
further. About five or six days after section, the alteration of the nerve-tubes in the 
papilla has become much more distinct, by a kind of coagulation or curdling of the 
medulla into separate particles of various sizes. Sometimes the coagulated particles 
have an uneven spongy appearance, as if the component parts of the medulla, i. e. 
the white substance and the axis cylinder, were mixed together. Often they appear 
merely like separated particles of the medulla, such as are frequently effused from the 
ends of a divided nerve, and present the double contour and the central nucleus char 
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racteristic of tbs nervous medulla. In some cases tbe coagulated particles are very 
uniform in size and appearance, averaging T^nrth of an inch. In others, tbe limits 
between the maximum and minimum dimensions are far greater, namely, from 
to ma th of an inch. The diameter of the altered tubes, examined in tbe ordinary 
manner in water, is about a fourth smaller than that of the sound ones, and in many 
instances the tubular cylinders appear wanting, and the medullary particles to have 
escaped from the cylinder, and to be merely held together by tbe neurilema which 
surrounds the whole nerve. After the application of potash, the diameter of tbe 
altered and unaltered nerves is as nearly as possible the same. This equalization of 
tbe two is produced almost entirely by a decrease in the size of the sound tubes, 
which swell considerably in water, and afterwards contract by the application of the 
alkali. It is therefore probable that the difference of size at this stage between the 
altered and unaltered nerves arises from the former not absorbing so much within 
them as the latter. Whether this arises from A ruptured state of the membrane or 
from a chemical change of tbe medulla, is not evident. After the surrounding tissues 
have been removed by potash, the tubular membrane offers no signs of rupture, and 
the medulla appears less disorganized than before the denudation. The disjointed 
condition of the medulla is greatest towards the extremities. A portion of each nerve- 
tube is frequently so disorganized as to be carried away among the tissues dissolved 
by the alkali. The circular rim so frequently presented by the extremity of the tubes 
is absent. We often observe around the healthy nervous branches, and the papillary 
nerve in particular, a common sheath or neurilema fitting closely to the nerve. After 
disorganization has attained this degree, it appears to form a kind of loose pouch 
around the nerve and separated from it by an interval of -g-gVsth of an inch. This 
pouch appears to form the sole investment of the curdled medullary particles, which, 
as we have stated, previous to the action of the alkali, appear void of any tubular in¬ 
vestment. As we ascend towards the brain tbe disorganization appears to decrease, 
the coagulated medulla is more apt to assume the oval form, and at some places it 
presents its double contour apparently unaffected. The effect of decomposition in 
the unaltered and altered nerve is similar to that in the former stage. In consequence 
of the above changes the disorganized nerve is more opake than tbe unaltered one. In 
the tubercles some of the ramifications of the tubes belonging to common sensation 
become disorganized after tbe section of the corresponding glossopharyngeals. These 
alterations take place in the same period and in the same manner as in tbe papillary 
nerves. With this exception, all tbe other nerves of the tongue, which comprise those 
of common sensation and of muscular action, remain unaltered. Tbe muscular fibres 
of the papillae are slightly altered at this period; their transverse striae are not so 
distinct as on the healthy side, while their longitudinal ones are more so. Tbe fibre 
itself is usually paler, narrower and more wavy in its course. 

The capillaries are either much congested with dark blood, or they are completely 
empty and scarcely to be detected. 
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The epithelium and the ciliary filaments are unaltered. 

On the seventh, eighth and ninth days the disorganization of the nervons structure 
continues to progress. In the papillae the curdled particles of medulla become still 
more disconnected, and in parts are removed by absorption. The tubular sheath also 
is ruptured and disorganized near the extremities of the tubes. In the other ramifi¬ 
cations of the glossopharyngeal, the medulla becomes more and more disjointed and 
collected into oval or circular coagulated masses. 

On the tenth day and upwards we perceive another morphological state of tbe me¬ 
dulla. The coagulated particles lose their amorphous structure and assume a gra¬ 
nulated texture. The granules, retained together by slight cohesion, are dark by 
transmitted light, but of a light white colour by reflexion, and average ^s th of an 
inch. 

About the twentieth day the medullary particles are completely reduced to a gra¬ 
nular state. The condition of the papillary nerve is represented in Plate XXXI. fig. 2, 
where we find the presence of the nervous element merely indicated by numerous 
black granules, generally arranged in a row like the beads of a necklace. In their 
arrangement it is easy to detect the wavy direction characteristic of the nerves. They 
are still contained in the tubular membrane, which is but very faintly distinguished, 
probably from the loss of the medulla and from atrophy of its tissue. The resistance 
of these granular bodies to chemical agents is most remarkable, for they remain un¬ 
affected by acids, alkalies and the ethers, which have so great an influence over tbe 
nervous medulla. These granules may be detected within the papillary nerves for a 
considerable period of time. I have seen them apparently unaltered in the papillse 
upwards of five months after division of the nerve, reunion not having taken place. 

Division of the Hypoglossal Nerve. 

When the hypoglossal nerves are divided at their exit from the spine, all move¬ 
ments of the throat and tongue are abolished, and the process of respiration entirely 
at an end. Tbe tongue may be drawn from the mouth remaining completely inert, 
pinching or cutting causing no appearance of pain. Hence we may conclude that 
this nerve is of a mixed nature, containing sensorial as well as motor filaments. An¬ 
other experiment, which shows this more plainly, consists in dividing one hypoglossal 
nerve near the spine on one side, and on the other the glossopharyngeal at its exit 
from the cranium. Pinching and other modes of irritation cause no pain on the side 
where tbe hypoglossal is divided, while on the other undoubted pain is caused. 

After division of the hypoglossals at the throat, the motor and sensorial powers of 
the tongue are not entirely lost. When drawn out of the mouth, the extremity only re¬ 
mains fixed between tbe jaws, flaccid and powerless. At the inner half tbe fibres are 
still contractile, on account of their belonging to the hypoglossus, which at its lower 
half receives a branch from the hypoglossal nerve above tbe point of section. By this 
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means, aided also by the mylohyoid muscle, which is left unaffected for the same 
reason, the inner half of the tongue still enjoys contractile powers. 

Respiration is hurried and laboured, and death is the invariable result of division 
of these nerves, whether made at the spine or at the throat. In summer, the animals 
died at the end of two or three days. 

Division of a single hypoglossal only causes paralysis of the corresponding half of 
the tongue, complete when the section is near the spine, and imperfect when at the 
throat. The animals generally survive after the section of one nerve. 

The peripheric extremities of the hypoglossal nerves are most easily found at the 
inferior surface of'the tongue. By removing a minute fragment at this region, we 
can observe, without any further preparation, ramifications of nerves, which are gra¬ 
dually reduced to a network of single tubules on the surface, among the capillary 
network. At the same time, among the muscular fibres are other ramifications, either 
crossing them in a transverse direction or running parallel. Like the former, they are 
reduced to single fibres, running in all directions without forming any free ends. It 
is at the under surface that the alterations of the hypoglossal must be studied. 

During the four first days, after section of the hypoglossal nerve, no change is ob¬ 
served in its structure. On the fifth day the tubes appear more varicose than usual, 
and the medulla more irregular. About the tenth day the medulla forms disorganized, 
fusiform masses at intervals, and where the white substance of Schwann cannot be 
detected. These alterations, which are most evident in the single tubules, may be 
found also in the branches. After twelve or fifteen days many of the single tubules 
have ceased to be visible, their granular medulla having been removed by absorption. 
The branches contain masses of amorphous medulla. 

We are naturally led to inquire, whether extraneous circumstances have any in¬ 
fluence over the removal of the tissue. We find that in the summer-time, when the 
renewal of the tissues must be considerably more active, in consequence of the in¬ 
creased respiration and activity of the animals experimented upon, that the altera¬ 
tion is more rapid than in winter, when they are in a state of torpor and hybernation. 

At present we have restricted our observations to the alterations which take place 
in the ramifications originating from two trunks, but we cannot suppose that this is 
a local phenomenon, and that other nerves do not participate in similar alterations, 
and that the brain itself, composed in great part of tubular fibres, must be excluded. 
Experiments on other nerves already enable me to affirm that such is not the case, 
and that they are to be found on other nerves, such as the sciatic, &c., and, moreover, 
that they are as extensive as the nervous system itself. It is impossible not to anti¬ 
cipate important results from the application of this inquiry to the different nerves of 
the animal system. But it is particularly with reference to nervous diseases that it 
will be most desirable to extend these researches. If one conviction impresses itself 
more firmly on the mind than another, it is that what we term functional diseases of 
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the nerves are in reality owing to certain organic and physical changes in the 
tubular fibre, which it will be the province of the microscope to ascertain. If a few 
days’ inactivity of a nervous trunk, such as is produced by ligature or section, is suf¬ 
ficient to cause such disorganization of the medulla, how can we refuse to admit of 
its being altered in cases of prolonged paralysis ? 

Kensington, October 27, 1849. 


Dbscription op the Plate. 

PLATE XXXI. 

Fig. 1. Papillary nerve of frog, six days after ligature. 

Fig. 2. Papillary nerve, three weeks after section, with muscular fibres in the interior 
of the capillary coil at the summit of the fungiform papilla. 

Fig. 3. Disorganized muscular nerve, from the inferior surface of the tongue, five 
days after section. The muscular fibre has been omitted in this drawing. 
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XXI. Influence of Physical Agents on the development of the Tadpole of the Triton 
and the Frog . By John Higginbottom, Hon. Fellow of the Royal College of Sur¬ 
geons of England. Communicated by Thomas Bell, Esq., Sec. R.S. 


Received April 6,—Read May 16, 1850. 


An opinion has been generally entertained by physiologists that the tadpole of the 
Frog, when deprived of the influence of light, cannot arrive at its full development, 
or assume the form of the perfect frog. 

I made a series of experiments in different positions and degrees of temperature, 
but particularly in a rock-cellar thirty feet deep, where no solar light ever entered; 
this situation was also favourable in point of temperature, being 
48° Fahr. from March 11th to May 15th. 

50° to 54° Fahr. from May 15th to July 6th, and 
55° Fahr. from July 6th to October 31st. 

My first experiments were performed on the tadpole of the Triton. 

Exp. 1.—I found the tadpole of the Triton punctatus more tenacious of life than 
that of the Triton cristatus. I commenced with placing a number of the ova, enve¬ 
loped in blades of grass in the manner usual with this animal, in three open shallow 
vessels containing water. One vessel I placed in a room where the mean tempera¬ 
ture was 60° Fahr., another in the open air at a mean temperature of 50°, and the 
remaining one in a deep rock-cellar at 48°. 

In the temperature of 60° Fahr. some of the tadpoles escaped from the ova in four¬ 
teen days, those at 50° in twenty, one days, and those at 48° in the rock-cellar in 
twenty-one days. 

Although the tadpoles in the cellar at 48° escaped as early as those out of doors, 
they did not afterwards increase in growth, whilst those in the room at 60° and in the 
open air at 50° became more developed, the former of these having the anterior extre¬ 
mities in thirty-nine days, the latter in forty-nine days, whilst those in the cellar had 
no appearance of an extremity at the end of sixty-two days. 

Exp. 2. —On the 4th of July I made another experiment with the ova of the Triton 
in the rock-cellar at its maximum temperature of 55° Fahr. I placed a number of 
ova in that situation; the tadpoles escaped in due time, but, as in the former ex¬ 
periment, they did not proceed in their development, having no appearance of anterior 
extremities in 105 days, when they died for want of proper food. 

Exp. 3.—On the 11th of August I put twenty-four tadpoles of the Triton in water, 
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In about twenty-one days afterwards, during the month of September, two or, three 
had left the water and were on the stones placed in the vessel in the cellar, fully 
proving that the animal came to its futl development in the absence of light, though 
this development was retarded by the low temperature of 55°. 

Exp. 4.—On the 25th of August I deprived three tritons, one of an anterior, another 
of a posterior extremity, and tbe third of tbe tail. I put these into a vessel, which I 
envelqped. is five or, six folds of black-glazed calico so as to exclude thelight,and 
placeditina dark part of a room where the maximum temperature was 79° Fahr. 
Asit ; was then the time of .the year when the full-grown tritons leave the water, 4 
placed a quantity of clay and fiat stones in the vessel with a little water at, t^e. lowest 
part, in.order to allow them to remain in the water or out of ft, . 

In a month the amputated limbs had undergone the reproductive process;, ip .ope a 
miniature, posterior extremity furnished,with toes had been formed, in anfother, the 
tail,, and in fourteen days later the anterior extremity and the toes of the.flprd .Tyeie 
reproduced. i., )( .. , 

I now; began a series of experiments on the Frog.(the Rana Tempo^fi/rift ); (this 
batraebipn being mope manageable, in regard to food, and arriving at its fpjl deve¬ 
lopment in much less time than tbe Triton, the former only requiring about Jt$n wyyfts, 
tbe latter about five months. , . ,,, . 

I commenced my experiments and observations on the Ffpgin jMarph IftfPnWCW* 
taining accurately the influence of air, fopd, temperature,and Ught^frotn tfapfwp 1 to 
tit full development. ... m .„ r 
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la the branchial Male the body of the tadpole is very small, and at this period they 
Sock to the sides of the vessel in which they are contained dose to the edge of the 
water, nearly exposing the branchiae to the atmospheric air, the lungs being as yet 
unemployed. 

About a fortnight before the metamorphosis of the tadpole into the frog, its body 
is very large, and the cutaneous surface for respiration, including the tail, is very con¬ 
siderable ; but when the development takes place, the body of the frog is again small, 
and there is not a sufficient surface for respiration, so that if the animal continues in 
the water, it becomes asphyxiated. Life then depends more on the pulmonary than 
the cutaneous respiration. 

I found that the tadpole of the Frog soon dies in either agrated or boiled water if 
excluded from atmospheric air; those in aerated water live the longest i some of them 
1 found at the top of the water, and on examination the longs were observed to be 
inflated, whilst those tadpoles in the boiled water sank to the bottom of the vessel. 
Tadpoles put into boiled water exposed to the atmospheric air live as in aSrated 
water. 


2. On the Influence of Food. 

The food of the tadpole is derived from two sources. The first is the gelatine of 
the ova, the second the plants growing in the water in which they are deposited. 

1949 .—On the 11th of March I put some spawn of the frog, newly deposited, into 
eight shallow earthenware vessels containing water; in four of them I added grass 
and duck-weed to serve as food for the future tadpoles, in the other four I put none. 
I observed in all the vessels that the tadpoles, after escaping from the ova, had about 
an equal growth, as long as any of the jelly-like substance of the ova remained; but 
after that was consumed, the tadpoles in the vessels where there was no grass were 
promptly retarded in their growth. 

April 17 th._To prove whether the jelly of the ova was food for the young tadpoles, 

I separated a number from the jelly, putting the tadpoles in one vessel with water, 
and the jelly in another. 

In thirteen days 1 found the tadpoles had not increased in size, and that some of 
them were very weak and nearly inanimate. On this day I placed them all with the 
jelly. l Q seven days the jelly was consumed, and some of the tadpoles bad much in¬ 
creased in size, others of them had died from having been so long and at so early a 
period deprived of their first food. 

After the tadpole has finished feeding on the jelly, nothing more is required for 
food than grass and duck-weed, the grass serving for food, the duck-weed both for 
food and as a shelter, and also probably yielding its influence as a living vegetable 
in the water. The grass is sufficient as food to produce the full development of the 
which feeds upon the cblorophyle which adheres to the cells of the plant, 
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when the plant is in a state of decomposition, leaving the fibrous part. They gene* 
rally feed on the under part of the plant with the abdomen upwards, owing to the 
position of the month. 

I supplied the tadpoles with fresh water every third day, and with grass as often as 
necessary. In those vessels which were placed in the dark it was necessary to add 
grass more frequently, on account of the loss of the green colour it sustained in that 
situation. 

I observed they did not feed so well at a low temperature. The life of the tadpole 
cannot be preserved very long with fresh water and air alone without proper food. 
I placed a number of tadpoles in eight vessels, of which four were excluded from the 
light, and four exposed to the light in different degrees of temperature; no food was 
put in any of the vessels after they had consumed the jelly. On the 11th of May, 
eight weeks and four days after the deposition of the spawn, the tadpoles remained 
very small, and the last of them died on that day. 

The jelly appears to be quite essential as nutriment to sustain the early life of the 
tadpole. Had they been deprived of it, they would have died at a much earlier 
period, as proved by my former experiment*. 

3. On the Influence of Temperature. 

On the 11th of March 1848,1 procured four round open earthenware vessels, each 
containing about three pints of water, and filled them about three parts full. In each 
I put a small quantity of the spawn of the frog just deposited, and I then placed them 
in four different degrees of temperature. 

The first was placed near the ceiling in a shaded part of a room, where the mean 
temperature was 60° Fahr., six or eight folds of black-glazed calico being tied over it 
so as to exclude all light. 

On the 20th of March (see Plate XXXII.) the tadpoles left the ova; on the 23rd the 
branchise were fully formed; on the 22nd of May the first was fully developed at a 
much earlier period than others placed in a lower part of the same room, exposed to 
the light at the mean temperature of 58° Fahr., and also earlier than in the pools. 

The second was placed at the same time in a situation where the mean temperature 
was 56°. On the 20tb of March, nine days after the deposition of the ova, the embryos 
were lengthened, indicating the head, body and caudal extremity, and lay in a curved 
position within the ova. On the 25th some escaped from the ova. On the 28th the 
branchise were fully formed, and on the 6th of April they were absorbed. On the 
22nd of May the tadpoles had increased in size. On the 18th of August the first was 
fully developed. 

The third vessel was put within a larger one and placed in the open air, on a shaded 

* According to Mr. Brende (Philosophical Transaction* for 1810), the jelly appear* to be an fafa* 
substance between albumen and gelatine. 
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side of a house, and entirely covered with wood, so as to exclude all light, the mean 
temperature being 53° Fahr. 

March 20tb.—In nine days after the deposition of the ova, the embryos retained 
their globular form, but considerably increased in size. 

On the 25th they had the elongated form within the ova; on the 31st they escaped. 
On the 4tb of April the branchiae were fully formed, and on the 11th they were 
absorbed. May 22nd, the tadpoles were increased in size. On the 28th of August 
the first was fully developed (see Plate XXXII.). 

'The fourth vessel I placed in the rock-cellar. The temperature was uniformly 48° 
Fahr. from the 11th of March to the 15th of May, 50° to 54° Fahr. from May 15th 
to July 6th, and 55° Fahr. uniformly from July to October 31st. 

March 31st.—The tadpoles escaped from their ova on the same day as in that in 
the open air, the temperature being in the cellar uniformly 48° Fahr., in the open air 
53° mean temperature. 

On the 6th of April the branchiee were formed, and on the 18th they were absorbed. 
On the 22nd of May the tadpoles were very small, but from that period to the 5tb of 
September they grew much more rapidly. On the 31 st of October the first was fully 
developed. 

It will be observed (Plate XXXII.) that when the tadpole in the room was fully 
developed at the mean temperature of 60° Fahr., those in the open air were small at 
the mean temperature of 53°, but those in the cellar were smaller still, having been 
influenced by the low temperature of 48°; from March 11th to May 6th, when the 
temperature became constantly 55°, they advanced more rapidly in size until their 
full development. 

November 17 th.—Soon after this period the temperature in the rock-cellar was 
from 50° to 54° Fahr. for a month, and during that time there were no more tadpoles 
fully developed. One of them had three legs only; for upwards of three weeks the 
fourth leg could be seen distinctly under the skin when the animal moved, but it did 
not protrude. 

All these results are displayed in Plate XXXII., in which the difference of tem¬ 
perature and its effects are registered. • 

4. On the Influence of Light. 

With regard to the question of full development of the tadpole of the Frog in the 
absence of light, I am enabled by the most minute observation to state that it ad¬ 
vances in growth equally well in the dark and in the light, and that absence of light 
has therefore no influence in retarding its development. 

I have ascertained this by frequent experiments during the last two years; one ex¬ 
periment was made on an extensive scale. 

I had six vessels with tadpoles, three exposed to the light in different degrees of 
temperature, and three from which the light was excluded. 

3x2 
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At the first I was led to think the absence of light was even favourable to deve¬ 
lopment, but I afterwards found that the difference depended on a slight increase of 
temperature owing to the vessel being covered. This fact is rendered obvious by the 
Plate, in which the temperature and absence of light are fu% illustrated. 

, - * , .''O';: * 

Nottingham, 

February 5, 1850. 

P S. I made these experiments in 1848; they were repeated in the year 1849 with 
.<siinihtr results. 
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XXII. On the Temperature of Mart within the Triples. 

By John Davy, M.D ., F.R.S ., L. 8f E., Inspector-General of Army Hospitals. 


Received February 26,—Read May 2, 1850. 

In a paper on the Temperature of Man, which I had the honour to submit to the 
Royal Society in 1845, and which was published in the Philosophical Transactions 
for the same year, I expressed the hope of being able to continue the inquiry in the 
West Indies, to which I was then about to proceed. 

In the present communication I propose to lay before the Society the results of the 
trials made whilst there, viz. during a period of about three years and a half, exclusive 
of trifling interruptions, and of one prolonged through several weeks, between June 
1847 and October of that year, owing to illness. 

In making the trials, the same instrument as that before used was employed, and 
with like precautions to ensure accuracy, and as then, the subject of the observations 
was the same individual; also, as then, the pulse and respirations were noticed at the 
time, and invariably in the sitting posture. 

The greater number of the observations were made in Barbados, in a house situated 
about half a mile from the sea-shore and a few feet only above its level,—where the 
mean annual temperature of the atmosphere is about 80° Fahr., and the range of 
temperature throughout the year from about 10° to 18° in the open air. 

For the sake of comparison, I shall follow as closely as possible the order observed 
in my former paper in stating the results. 

1. Of the Variation of Temperature during the twenty four hours . 

To ascertain this, observations were made commonly three times a day, viz. imme¬ 
diately on rising, about 6 a.m,, before taking any food, and before making any exer¬ 
tion, even in dressing, clad merely in a light dress consisting of loose drawers and 
gown, which in that climate are almost always sufficient for comfort;—next, about 
2 p.m., sometimes an hour earlier or later, and generally after occupation, either 
within doors at home, or at an office a mile and a half distant nearly, to which I went 
in a carriage,—the occupation being chiefly that of reading or writing, or some other 
requiring little bodily exertion;—next, the last thing before retiring to rest at night, 
which was commonly at 10 o’clock, rarely later than 11. 

It may be further premised, that the manner of living, as to diet and the time of 
meals, was much the same as in England,—breakfasting commonly at 9 o’clock, 
dining about 5, without intermediate luncheon, and drinking tea about 7* 

The following Table exhibits the observations made in accordance with the above, 
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daily, during a period of thirty-six months: in an Appendix, the observations as 
daily recorded will be given, omitting only those which may be considered abnormal, 
either owing to bodily ailment, or other cause of a special kind, requiring particular 
notice:— 



Temperature under the 
tongue. 


Pulse. 


Respirations. 

Temperature of air 
uf room. 


6-7 A.M. 

12-2 

P.M. 

9-11 

P.M. 

6-7 A.M 

12-2 

r.M. 

9-11 

P.M. 

6-7 A.M 

12-2 

P.M. 

9-11 

P.M. 

6-7 A.M. 

12-2 

P.M. 

9-11 

P.M. 

1845. 

July . 

98-2 

O 

99 

98*2 

56 

61 

60 

14*7 

15*5 

16 

78*3 

81*5 

79*4 

August . 

98 

98*7 

98-2 

53-8 

53*6 

57*9 

15 

15*7 

15*8 

78-7 

84 

80*3 

September ... 

98 

98*9 

98*9 

54*3 

55 

62*1 

15*2 

15*6 

15*6 

78*6 

84-7 

80*5 

October . 

97-9 

99 

98*8 

53*4 

56*3 

61*3 

14*6 

15*9 

16*8 

78 

85*4 

81 

November ... 

98 

98-6 

98*7 

53*3 

5 6*5 

61 

14*8 

15*6 

16 

78 

83*4 

79*9 

December 

98 

98*6 

98-6 

53*8 

55-2 

66 

14-4 

15*5 

15*7 

75 

81*8 

77 

1846 

January . 

98*2 

99 

98*7 

54-3 

58*5 

61-7 

14*6 

15*7 

15*6 

74-3 

82 

78*2 

February ... 

98*1 

991 

98*6 

55*1 

57*1 

59*9 

14*3 

15-5 

15*2 

74 

83 

76*6 

April . 

98*1 

98-7 

98*6 

54 

54*5 

59-5 

14*4 

15*6 

15*4 

77 

84 

79 

May . 

98*2 

98*9 

98*9 

56-2 

55*2 

61-4 

15 

15*8 

15*6 

78*7 

85*8 

80 

June . 

98*2 

99 

98*8 

55*1 

55*6 

59*7 

14-6 

15-7 

15-4 

79 

84-7 

81 

July . 

98*2 

99 

98-9 

54*5 

54*5 

60-7 

14-7 

16 

15*3 

78*8 

84*8 

81*4 

August . 

98*1 

99 

989 

54*2 

55*6 

60-5 

14*6 

15-9 

15-6 

77*7 

85*o 

81*7 

September ... 

98 

99 

98*2 

55 

54 

60*8 

14-3 

15*9 

16 

78*7 

85*1 

81*3 

October. 

98*2 

99 

99 

52 

O.) 

61 

14-4 

15-4 

15-3 

78*2 

85*1 

81*2 

November ... 

l 98*l 

98*9 

98*8 

56-2 

55-4 

60-1 , 

14-6 

15*8 

15*6 

77*4 

84*4 

80 

December ... 

9 H -1 

98*9 

98-9 

55*3 

t)0*3 

63-5 

14-5 

15*8 

15*8 

76 

80-5 

77*4 

184 7. 

January . 

98*1 

98*9 

98*8 

I 

54-8 

55-3 

S 60-8 

14-4 

15*4 

15 

74-6 

81-3 

77*3 

February ... 

98 

98*8 

98*8 

55*5 

57-6 

; 61*7 , 

14*2 

15*5 

15*3 

73 

81*3 

76*3 

March . 

I 98*1 

98*8 

98*9 

| 54*8 

59*2 

62*7 > 

14-5 

15*6 

15 

74-G 

83-5 

77*1 

April . 

98*1 

98*7 

98*8 

1 55 

56-4 

62-3 

14-2 

15*5 

| 15*6 

74-7 

82-2 

77*1 

May . 

98*1 

98-9 

98*8 

! 56*6 

57*8 

61-3 

14-5 

15*8 

! 15-6 

76*7 

85 

79*2 

October.! 

98 

99 

99 

54-7 

56 

j 55*7 

14-5 

15*1 

; 15*7 : 

77*7 

84-8 

80 

November ... 

98*1 

98*8 

98*8 

53*3 

54*8 

59*2 . 

14*5 

15*1 

| 15*2 j 

76*7 

82-3 

79 

December ... 

98 

98*8 

98*3 

52-9 

53-5 

[ 38 

14-1 

14-6 

| 13-3 ! 

74-5 

81*1 

76*9 

1848. 

January . 

98*1 

98*9 

98*8 

54 *5 

j 56*8 

! 59*3 

14-1 

! 14-9 

15*2 1 

74-1 

80*5 

76*6 

February ... 

98 

98*8 

98-8 

54*9 

57 

59*7 

14-5 

15-1 

1 15*5 ' 

73-6 

82*1 

77*5 

March . 

98 

98*9 

98*9 

54*9 

57*6 

59*7 1 

1 4*3 

15*5 

15-4 

75*1 

81*9 

78*2 

April . 

98 

98*9 

98*9 

54*9 

57*7 

60-9 ; 

14*7 

15*2 j 

15*3 

74-8 

82*9 

78*1 

May . 

98*1 

99 

98*9 

55*1 

56*2 

60-6 | 

14*3 

15 

15-6 

78*2 

85*6 

80*6 

June . 

98 

98*8 

99 

51 

36*1 

56*8 ■ 

14*1 

14*8 | 

14-9 : 

77*5 

84*7 

80*4 

July . 

98 

98*;i 

98*9 

53 

54*2 

59*5 

14 

14*7 ; 

14-8 ! 

77*7 

84*3 

79*4 

August . 

98-1 

99-1 

99*1 ! 

55*4 

56*3 

59*5 ! 

13-9 

15 

14-7 ! 

78*4 

85*3 

80*9 

September ... 

98-1 

99*1 

99*1 

54*4 

57*3 

60-4 ; 

14 

15 i 

15-2 j 

78*9 

86*2 

81*7 

October. 

98*2 

99*1 

99 ! 

54*3 

55*8 

61 ! 

14-2 

15 | 

15-3 | 

78*9 

84*8 

80*8 

November ... 

98*1 

99*1 I 

98*6 j 

55*2 

57*7 

59*2 j 

14*2 

15*4 j 

15-4 | 

77 

83*5 

79 

1 

i 

98-07 j 

98-9 J 

99 | 

54-4 

56 J 


14*4 j 

15-4 

15 

76*7 

83*6 | 

79*8 


These results, compared with those obtained in England, show marked differences, 
as will best appear by presenting them together. 



Mean temperature under 
the tongue in England. 

I Pulse. 

Respirations. 

Temperature of room. 


7-8 A.M 

3-4 p.m. 

12 P.M. 

7-8 A.M. 

3-4 p.m. 

12 P.M. 

7-8 a.m. 

3-4 p.m. 

12 P.M. 



12 p.m. 

98-74 

98*52 

97*92 

57-6 

55*2 

54*7 

15*6 

| 15-4 

15*2 

50*9 

54*7 

62 


In Barbados 


■ 


6-7 A.M. 

12-2 p.m. 

9-11 P.M. 

6-7 A.M. 

12-2 p.m. 

9-11 P.M. 

6-7 A.M. 

12-2 p.m. 

9-11 p.m.|6-7 a.m. 

12-2 p.m. 


98*07 

98*9 

99 

54 : 4 i 

56 

60*3 

14*4 

15*4 

15 

j 76*7 

83*6 

79 
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The observations from which these mean results are deduced are so consistent, as 
may be seen by reference to them in detail in the Appendix, as hardly to admit of 
doubt in relation to their accuracy. 

Probably the low morning temperature of the body within the tropics, as shown 
above, may be owing principally to three circumstances,—to the depressing or 
lowering power of sleep,—to the light bed-covering used there, and the free circula¬ 
tion of the air in the room. A sheet and a thin coverlet were the only protection 
from the air; and the windows mostly being open, the outer air had free access, so 
that towards morning the temperature of the air of the room did not differ from that 
of the external air commonly more than two or three degrees. Moreover, the higher 
temperature observed at night, before going to rest, may have conduced to the lower 
morning temperature noticed on rising, as the lower temperature at night in England, 
with the opposite circumstances as to bed-clothing and air of sleeping-room, may 
have conduced to the higher morning temperature recorded there,—fluctuations 
these in accordance with well-known physiological laws. 


2. Of the Variation of Temperature during different seasons oj the year. 

The following Table, formed from the first, exhibits the mean of the observed tem¬ 
perature during the several months comprised therein, as well as the mean of the in¬ 
door temperature. 



j Mean temperature | 

' under the tongue. 

Air of j 
room, f 


1845. 

! 

7&oo 1 

1847. 

July . 

98-43 

January . 

August . 

iW30 

80*60 

February ... 

September .. 

9«*b0 

81*20 

March . 

October. 

98*56 

81*46 , 

April . 

November .. 

98-46 

80-56 l 

October. 

December .. 
1840. 

98-40 

77*90 , 

November ... 
December ... 

January . 

98-63 

78-16 'J 1848. 

February .. 

98-60 

77*H« , 

January . 

April . 

98-46 

80*00 ! 

February ... 

May . 

. 98-66 

81*50 

March . 

June . 

98-66 

81-56 

April . 

July . 

98-36 

81*00 

May . 

August . 

98-70 

81-60 

June . 

September .. 

98-40 

81-36 

•July . 

October. 

98-73 

81*50 

August . 

November .. 

98-60 

80*60 

September ... 

December .. 

98-63 

77-96 

October. 

November ... 


Mean temperature 
under the tongue. 


Air of 
room. 


98-60 

98-53 

98-60 

98-53 

98-66 

98-56 

98-36 

98-60 

98-53 

98-60 

98-60 

98-66 

98-60 

98-36 

98-76 

98-76 

98-76 

98-60 


98-54 


77-70 

80-26 

77 - 40 

78 - 00 
80-83 

79 - 66 

77-36 

77-06 

77 - 73 

78 - 40 

78-26 
85-46 

80 - 86 

80 - 46 

81 - 56 

82 - 26 
81-50 

79 - 83 


79-75 


Comparing the temperature under the tongue with that of the air of the room, it 
will be seen that there is some accordance between them, though not a strict one, as 
if other circumstances than differences of atmospheric temperature have a marked 
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effect in modifying the temperature of the body within the tropics, where the varia¬ 
tions of atmospheric temperature throughout the year are so inconsiderable—circum 
stances, for instance, of state of health, kind of life led as to exercise, diet, &e., and 
quality of atmosphere, as to degree of moisture or dryness, and the direction and 
force of the winds. 

3. Of the Effect of Active Exercise on the Temperature and of Rest after Exercise. 

On most occasions, when active exercise was taken, especially when on military 
duty, the dress worn was heavier and warmer than that in common use, to which 
partly the increase of temperature observed may be justly referred. This remark 
applies to the majority of the following observations:— 



Tongue 

.| PuUc. 

Respira 

tions. 

Air of 
room. 

December 17, 1846, 1 r.M. After attending an inspection of a regiment on 

o 

66 



parade, exposed to the sun about half an hour . 

99*3 

17 

82 

December 28, 1846, 3 p.m. After returning from office in Barbados, with 
some difficulty in carriage, the latter part of the road being flooded, a tor¬ 
rent rushing over it, 4*39 inches of rain having fallen between 9 a.m. and 


56 



3 h 30 m p.m. 

99* 

17 

75 

December 28, 1846, 4 p.m. The last hour sitting lightly clad. 

98*1 

52 

16 

77 

January 5, 1847, 1 p.m. After visiting hospitals . 

99*3 

54 

i 16 

82 

January 5, 1847, 4 p.m. The last hour sitting lightly clad, reading . 

98*0 

50 

H 

78 

January 6, 1847, 1 p.m. After inspecting an hospital . 

99 -2 

54 

15 

82 

January 6, 1847* 4 p.m. Since 1 p.m. chieflv reading, lightly clad . 

March 26, 1847, 4 p.m. After inspecting hospitals, &c., occupied several 

98*2 

50 

! 14 

! 

81 

hours, the greater part of the time walking. . . 

99*8 

70 

16 

85 

March 29, 1847s 6 a.m. After rising, before any exertion .. 

March 29,1847,9 a.m. After a walk of three hours, ascending and descend¬ 

98*4 

56 

I 15 

! 

68 

ing a hill in the neighbourhood of Port of Spain, Trinidad ; perspiring ... 
March 29, 1847, 7 h 30 m p.m. After a ride of about four hours, most of the 

99*1 

68 

17 i 

79 

way at a quick pace; perspiring . 

April 3, 1847> 6 a.m. Just risen . 

April 3, 1847, 1 p.m. At the foot of the fall of the Marraca, in Trinidad, 
approached by a steep ascent through forest, an hour’s walk, preceded by 

99 *6 

78 

17 1 

80 

98*2 

54 | 

i 

1 14 i 

73 

a ride at a quick pace of several miles; perspiring, temperature of hand 
99°*5 ; that of the air (81° at the fall) was comparatively low from the eva¬ 

100* 

no 

20 

81 

poration of copious spray . 

April 3, 1847, 6 h 15 m p.m. Oii return from Marraca; the last few miles in 





an open carriage . 

98*7 

68 | 

16 

79 

April 10, 1848, 3 h 3Q m p.m. After inspecting the hospital at St. Vincent 


62 | 

16 


and riding an hour or two . 

99*4 

85 

April 11, 1848, 3 h 30 m p.m. After visiting the barracks; perspiring. 

99*4 

78 

17 

84 

July 16, 1848, 1 p.m. After a ride of about an hour from Courland Bay, 
Tobago . 





99*6 

99*7 

64 

16 

83 

July 15, 1848, 6 h 30 ra p.m. After visiting barracks, <Src . 

64 

15 

81 


These results (many more of the like kind might be given) show how readily, when 
in health, the temperature of the body rises from active exercise and subsides on 
rest,—both, very much in the same manner and degree as in a cooler climate; and 
also, unless the exercise be severe, how the temperature is proportionally more 
affected than either the pulse or respiration. 
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4. Of ih«'Effect of 'Cartiage E^tr cia« t on the Temperate. - ,' ,i - 
The carriage used Was a light one adapted to the Climate, open behind as well as 
in front, and well-prdtected from 1 the Bun, except when low, by a deep hoods the 
rate of going was commonly between sht and seven miles an hour; a servant -drove: 



Tongue. 

Pulse. 

• i [ 

Respira¬ 

tions. 

Air of 
room. 

1 t 

January 28, 1846, 9 p.itf. After coming from Mount Wilfoh, about 90S feet 




O 

above the level of thp sea...,.....,. 

97:9 

.70 . 


73 

August 27, 1846, 5 p.m. After a drive of about sixteen miles, going to and 





returning fiom Villa Nova, in Barbados, in a cool situation about 700 feet 

i. 

' i , ,, 

..; * 

! ■ 

above the level of the sea..... 

97*8 

48 

14 

80 

September 3, 1846, 11 p.m. After coming from Villa Nova .. 

977 

68 

16 

"■» 

November 18, 1846, 5 e.M. Alter a-drive of about twenty-four miles in the , 





heat of the day, going and returning, and some walking exercise in a low 




% 

district of Barbado-, fasting... 

98*3 

60 

16 

82 ; 

November 18, 1846, 10 p.m. Feeling weary, after dinner, lollowed by tea... 

99*1 

58 

15 

79 

November 21, 1846, ll h 30 m p.m. After coming from Villa Nova. 

97*7 

58 

16 

79 ' 

December 18, 1846, 5 p.m. After coming from Blackman’s, situated like 





Villa Nova, and about the same distance; took a good deal of walking ex- 1 




i 

ercif*e there; the wind high .... 

98-6 

70 

15 

80 \ 

December 18, 1846, 9 p.m. Feeling weary, hot and thirsty. 

99*7 

80 

16 

79 ; 

February 4, 1847, 12 p.m. After coming from Villa Nova . 

97*5 

58 

15 

74 ‘ 

April 25, 1847, 10 h 30'° p.m. After coming from Villa Nova. 

97*1 

54 

14 

77 ; 

June 14, 1848, 10 p.m. After coming from Villa Nora . 

98*2 

58 

15 

82 i 


Many other instances, of which I have notes, might be adduced to show the effects 
of carriage exercise in lowering the temperature,—an effect previously observed in Eng¬ 
land. Those given, which were chiefly at night, were best marked, no doubt owing 
to the temperature of the air then being lower than by day, and the heat from tl»e 
reflected and direct rays of the sun being then entirely avoided. When coming froi|i 
the higher grounds of the interior of Barbados at night, and often when ascending 
them by day, the feeling of coolness was such as to render agreeable some additional 
clothing, which was always provided, though the difference of atmospheric tempera¬ 
ture was only of a very few degrees. The latter observations, those of the 18th of 
November 184G and of the 18th of December, are given as showing the tendency tp 
augmentation of temperature of body in an undue degree after unusual depressibil, 
preceded by fatiguing exercise. The rise, so far as it was abnormal, was probablg 
owing to the influence of the fatigue, for it was not witnessed if such exercise ba|i 
not been taken. ' 

i , f 

5. Of the Effect of Gentle Walking Exercise on the Temperature. 

The following observations were made when convalescing from illness (an anthrax 
with extensive sloughing and general derangement of health), a time when the body 
in a delicate state seems to be very readily acted on and to show the effects with un¬ 
usual distinctness:— 

3 L 


MDCCCL. 
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March 7, 1847, 6 h 15 m a.m. Just risen . 

March 7, 1847, 3 p.m. During the last two hours taking gentle exercise 

within doors, making some chemical experiments . 

August 17, 1847, 5 h 45 m a.m. Just risen . 

August 17, 1847, 7 h 45 m a.m. During last half hour walking slowly in 
shaded gallery, exposed to the wind; feelings agreeable; feet and hands 

warm . 

August 19, 1847,5 h 45 m a.m. Just risen . 

August 19, 1847, 8 a.m. Last half hour walking in gallery; not exposed to 

the wind; perspiring gently. 

August 21, 1847, 5 h 35 m a.m. Just risen... 

August 21, 1847, 7 h 30 m a.m. After walking about half an hour; hands 

and feet glowingly warm . 

August 22, 1847, 5 h 45 m a.m. Just risen . 

August 22 , 1847, 7 h 45 m a.m. After walking in gallery about half an hour, 
very lightly clad, exposed to the wind ; hands and feet very warm . 


Tongue. 

Pulse. 

Respire* 

tions. 

Air of 
room. 

97*8 

52 

14 

7 4 

98-3 

56 

15 

82 

97*8 

62 

15 

77 

97*8 

68 

16 

80 

98-6 

62 

15 

79 

98*4 

70 

17 

81 

98*4 

60 

15 

78 

98*2 

76 

17 

81 

98*5 

62 

16 

79 

98*2 

78 

17 

82 


To appreciate the effect of gentle exercise on the temperature, it requires to be 
mentioned and kept in mind, that had not such exercise been taken, the thermometer 
would have risen on its second application from *3° to *5° higher than at the first. 

The feeling of increased warmth in the hands and feet from gentle exercise has 
been noticed in three instances. The diffusion of heat to the extremities, owing no 
doubt to a freer circulation of the wanning medium—the blood—may partly account 
for the cooling effect under the tongue, and probably in the deep-seated parts from 
the exercise under consideration. The high temperature commonly observed in the 
extremities within the tropics, is a circumstance very deserving of note. In the daily 
observations appended, a record is given of the temperature of the hand during two 
months, noticed three times a day; from which it appears that on an average it was 
less than that under the tongue by only 1°. For the purpose of ascertaining the heat 
of the hand, the bulb of the thermometer was placed between the middle of the palm 
and the ball of the thumb, and so covered was gently pressed. 

6 . Of the Effect of Change of the Temperature of the Atmosphere on the Temperature . 

In illustration of this effect, I shall notice only a very few of the observations ob¬ 
tained in the West Indies, corroborative of those collected many years ago in the 
island of Ceylon. 

The situation of Villa Nova has already been mentioned: it was there that most of 
them were made, that spot being well-fitted for trials of the kind, the temperature 
there by day rarely exceeding 80°, even at the hottest time, and always below 80° at 
night, often requiring the closure of the bed-room windows, and occasionally a 
blanket in addition to the bed-clothes. 
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November 15,1847, 6 a.m. Just risen, at Villa Nova . 

November 15,1847, 2 p.m. 

November 15, 1847, 9 h 30 ra p.m.!!!!!!!!”!!!!!!!!!!!!!!! 

November 16, 1847, 6 a.m. ’’ . !!”!""!!!!!” 

November 16,1847, l h 30 m p.m. 

November 16, 1847, 9 h 30 m p.m. Windows closed; feet and hands agreeably 

warm ... J 

November 17, 1847, 6 h 15 m a.m. !!!!. !.!!!!!!! 

November 17, 1847, 9* 1 So™. At home, in the neighbourhood of Bridgetown 

November 22, 1847, l h 30 m p.m. At home, variously occupied . 

November 22, 1847, 4 p.m. Last hour; sitting reading; raining; feel cold; 

hand 85°. ..®.*.’ 

December 24, 1847, 6 a.m. At home; just risen . 

December 24, 1847, l h 3 ,n p.m. At home; variously employed . 

December 24, 1847, 9 h 30 m p.m. Villa Nova; arrived there 5 p.m. 

December 25, 1847, 6 h 15 m A.M. Villa Nova; just risen; slept warm; win¬ 
dows closed ... 

December 25, 1847, 12 a.m. Agreeably cool. 

December 25, 1847, 5 p.m. A feeling almost of cold. 

December 25, 1847, 9 h 30 m p.m. 

December 26, 1847, 6 h 15 m a.m. 

December 26, 1847, 9 h 15 m p.m. At home ; left Villa Nova at noon . 


Tongue. 

Pulse. 

Respira¬ 

tions. 

Air of 
room. 

O 

98 

56 

15 

7$ 

98-7 

50 

15 

76 

97 

58 

16 

76 

98*4 

54 

15 

76 

98*5 

50 

16 

78 

97-8 

58 

16 

76 

98-3 

54 

14 

75 

98-8 

54 

16 

77 

99*2 

62 

16 

79 

97*9 

48 

14 

75 

98*1 

52 

14 

74 

99*1 

58 

16 

80 

97*8 

56 

j 14 

74 

98-9 

60 

H 

73 

98*5 

54 

14 

76 

98*5 

52 

14 

74 

97*85 

52 

15 

74 

98-5 

60 

15 

73 

98*7 

64 

16 

80 


The observations made at Villa Nova, if compared with those made in England, 
will be found to approximate, especially as regards the morning and night tempera¬ 
ture, and may be adduced in confirmation of the explanation given under Section 1, 
regarding the contrast of observed temperatures there adverted to. 


7 . Of the Effect of Excited and Sustained Attention on the Temperature. 

A few instances may suffice to illustrate this effect, selecting those in which it was 
most strongly marked ; between which and those least notable there is a fine grada¬ 
tion, according to degree of exertion of mind, which it would be difficult to appre¬ 
ciate on account of interfering disturbing circumstances. 



Tongue. 

Pulse. 

Respira¬ 

tions. 

Air of 
room. 

December 22, 1846, 3 h 30 m p.m. After delivering a discourse in public, in a 

O 

99*8 

78 

16 

0 

82 


98-9 

58 

15 

80 


98*1 

52 

13 

75 

December 22, 1847, 3 h 15 m p.m. After delivering a discourse in the same 

100*3 

90 

15 

82 


98-9 

66 

15 

77 


97*9 

54 

14 

75 

June 24, 1848, 3 h 30 OT p.m. After occupation similar to that last mentioned, 

99*9 

82 

15 

81 

August 30, 1848, 2 p.m. After delivering a chemical lecture in a close and 

100*1 

84 

15 

88 


99*4 

62 ! 

14 

82 


98*2 

58 

14 

80 

September 6, 1848, 2 p.m. Similarly occupied; the heat of the room greater; 

100*4 

i 

80 

16 

88 

immediately alter me pu»e was ..... 

99*2 

64 

15 

81 


98*2 

54 

i 14 

78 
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The additional observations—those made some hours after the exertion—are given 
as illustrating an important fact, viz. the rapid manner in which, when the body is 
free from disease, the functions on rest return to their ordinary state; whilst, on the 
contrary, when disease is present, especially of an organic kind, even though latent 
in relation to the most obvious class of symptoms, indications of it may be obtained 
by attention to the temperature, pulse and respiration; and often, as in instances 
of pulmonary disease, in a very remarkable and decided manner. 


8. On the Effect of Cool and Well-ventilated Rooms, and of Close and Heated 

Rooms on the Temperature . 

As regards ventilation, and consequently coolness where there is a concourse of 
people, the cathedral church of Barbados, and Harrison's school-room adjoining, in 
which lectures were given on the opening of the “ Reid School of Practical Che- 
. mistry,” may be mentioned as good and bad examples. In illustration of the effects 
of each, I shall give a few observations on temperature, noted down when made, 
which was within about half an hour after quitting the church and the school, con¬ 
veyed in a carriage, attending in the one divine service, in the other a lecture. The 
temperature of the air marked, as usual, was that of my sitting-room, which was 
cooler by several degrees than the school-room, but less cool commonly than the 
church. 


February 28, 1847, 1 p.m* Just come from church . 

March 7, 1847, 1 r.M. Just conic from church. 

March 5, 1848, 2 h 45 ra f.m. Just come from church. 

August 2, 1848, 2 h 30 m f.m. Just come from school-room 

August 9, 1848, 2 p.m. Just come from school-room . 

August 16, 1848, 2 h 30 m p.m. Just come from school-room, 

October 18, 1848, 3 h 30 m f.m. Room less crowded .. 

October 25, 1848, 5 h 15 m f.m. Room less crowded . 


j Tongue. 

Pulse. 

Respira¬ 

tions. 

Air of 
room. 

98*4 

54 

16 

n 

83 

98*5 

54 

15 

84 

98*5 

56 

15 

82 

99*8 i 

66 

13 

85 

99*8 ! 

60 

16 

82 

99*9 

64 

16 

87 

99*5 

58 

15 

82 

99*4 

62 

15 

83 


9. On the Effect of taking Food and IVine on the Temperature . 

The effect of a meal in moderation, whether the light one of breakfast or the fuller 
and heavier one of dinner, was to raise the temperature; and this also when wine 
was sparingly used at the latter, viz. to the extent of two or three glasses; but when 
more freely drunk, as it commonly is in company, then often its influence on tempe¬ 


rature appeared to be depressing. I shall give a few instances in illustration:— 



Tonga©. 

Pulse. 

Respira¬ 

tions. 

Air of 
room. 

December 21, 1846, 10 p.m. Dinner at 6; wine chiefly champagne and 

0 

• 



9 

Madeira; no headache: no malaise. , 

98*1 

70 

15 

77 

February 6, 1847,10 p.m. Dinner at 7$ the wines similar ... 

97-8 

70 

15 

71 

February 13,1848, ll h 30® p.m. Dinner at 6; about seven miles distant in 




the country, from whence just returned; kind of wine not noticed ... 

97*8 

El 

16 

78 

March 9, 1848, 10 h 30® p.m. Dinner at 7; kind of wine not noted down ... 

97*9 

19 

15 

77 

May 29, 1848, J2 p.m. Dinner at 7; wines chiefly champagne and claret... 
August $, 1848,11 p.m* Dinner at 7; the wines like the last.. 

98 

ill 

l6 

79 

9« 

Bui 

15 

79 
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It is deserving of remark, that whenever wine was used, except in great modera¬ 
tion, though never to the excess of an inebriating effect, on the following morning 
the temperature under the tongue was found to be more or less above the average, 
and the pulse commonly quicker than usual. It is also worthy of remark, that occa¬ 
sionally the effect at night was to increase the temperature of the body, and that in a 
marked manner; but whether from some peculiar quality of the wine used, or from 
some deranged state of the system or other adventitious circumstance, I have not 
been able to determine. 

10 . Of the Effect of Sea-sickness on the Temperature. 

During a voyage from Barbados to St. Christopher, and from thence to Barbados 
in May and June 1848, in a transport, stopping at some of the intermediate islands, 
an opportunity offered of making some observations on the effect of sea-sickness, 
from which I suffered more or less on the several days noticed in the subjoined Table. 
The degree of sickness, often amounting to vomiting, was such as to render rising 
disagreeable. Little food was taken on those days, excepting chicken broth with 
some bread; no wine was drunk. The observations were made in the sitting posture 
in bed in a well-ventilated cabin. 



Temperature under tlie 
tongue. 


Pul*e. 


Respirations. 

Temperature of cabin. 

6-7 A.M. 

12-2 

I’.M. 

G 10 

P.M. 

6-7 A.M. 

12-2 

r.M. 

G-10 

V M. 

■ 

6-7 A.M. 

12 2 
I'.M. 

6-10 

I'.M. 

G-7 A.M. 1 

12-2 

I'.M. 

j 6-10 

1 P.M. 

May 14. 

98*7 

98*9 

- 

58 

68 


16 

16 


0 

81 

o 

83 

o 

15. 

98*8 



60 


♦ a • 

14 


... 

80 ’ 

... 


18. 

98*2 

98-6 


54 

04 


14 

15 

... 

80 , 

81 


26. 

98*7 



60 


*" 

15 



79 

... 


27. 

98-8 



60 



15 

... 

... 

79 



31. 


98*7 

99*1 


58 

58 


15 

14 

... i 

82 

82 

June 1. 

98 6 

98*8 

99-3 

58 

56 

58 

14 

15 j 

15 

81 ! 

83 

! 83 

2. 

98-7 

98*3 


56 

! 58 


14 

14 1 


81 

80 

I 

| 

3. 

98-7 

99*2 

99-4 

58 

56 

60 

15 

16 

15 

80 j 

82 

| 82 

4. 

98-7 



58 



. 14 ; 


... 

80 

... 



98-65 

98*75 

99*23 

57*55 

60-28 

58*66 j 

14*44 j 

15*14 

14-66 

80*24 j 81*71 

82-33 


It appears from these few observations, that under the influence of sea-sickness, 
the morning temperature was higher than ordinary and the pulse somewhat quicker; 
when the former was lowest, as on the 18th of May, then the vessel being in smooth 
water, there was scarcely any uneasiness experienced. Comparing the several obser¬ 
vations, perhaps the inference may be justifiable, that the tendency of sea-sickness, 
when not in its severest form, is of an equalizing kind in relation to the temperature, 
pulse and respiration,—a tendency no doubt promoted by the little variation to which 
the sea atmosphere is liable, especially within the tropics. On so obscure a subject, 
however, as sea-sickness, this remark is offered with some hesitation. 
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11. Of the Temperature at Sea, when not under the influence of Sea-sickness. 

In returning from the West Indies in the well-appointed steam-packet Clyde, I 
availed myself of the opportunity to continue the observations on temperature. The 
results are given in the following Table, commencing on the day after leaving St. 
Thomas, when all feeling of sea-sickness bad ceased, and ending on the 2nd of De¬ 
cember, the day before coming in sight of the coast of England. The weather during 
the greater part of the voyage was favourable: after leaving Fayal, on the 27th of 
November, it was more or less tempestuous; on the 29th and 30th, it was necessary 
to have the cabin ports closed. The observations were made in a well-ventilated 
cabin in the sitting posture,—the port commonly open excepting at night. The diet 
was fuller and more nourishing than that used in the West Indies, the appetite in¬ 
creasing on passing into a cooler climate; rather more wine was used, viz. a pint of 
sound Bordeaux at dinner; and the clothing was rendered warmer as required by 
diminution of warmth of atmosphere:— 



Position of ship 
at noon. 

Temperature under 
the tongue. 


Pulse, 


Respirations. 

Temperature of cabin. 


Lat. N. 

Long. W. 6-7 a.m 

i 

12-2 

P.M. 

1 10 
| l'.M. 

6-7 A.M. 

12-2 

P M. 

10 

P.M. 

6-7 A.M. 

12-2 

P.M. 

10 

P.M. 

0-7 a.m. 

■ 

12-2 

P.M. 

10 

P.M. 

Nov. 

16. 

22 39 

6l 8 

0 

98-5 

98*8 

o 

98-9 

54 

50 

60 

14 

15 

16 

78 

*81 

78 

17* 

24 16 

58 11 

98*2 

98*3 

t98-4 

56 

54 

66 

14 

16 

15 

76 

77 

77 

18. 

25 39 

55 30i 98*2 

98-7 

i98-2 

56 

52 

60 

14 

16 

15 

75 

77 

77 

19* 

27 33 

53 13 

98*6 

99*3 

... 

52 

72 


14 

15 

... 

77 

79 

20. 

29 19 

50 45 

98*6 

98*1 

97-7 

60 

56 

60 

14 

15 

15 

77 

77 

77 

21. 

31 6 

48 9 

98*5 

97*9 

97*8 

56 

50 

62 

14 

15 

15 

75 

75 

73 

22. 

32 53 

45 16 

98-7 

97*7 

97*7 

54 

54 

60 

14 

14 

15 

71 

73 

72 

23. 

34 43 

41 18 

98*2 

98 

98*1 

54 

56 

58 

15 

15 

15 

71 

71 

72 

24. 

36 23 

37 21 | 

98*5 

98-1 

98-6 

58 

| 54 

60 

14 

15 

15 

69 

67 

67 

i 

25. 

37 21 

33 34 

98*3 

98*5 j 


52 

56 


14 

14 


64 

66 

26. 

38 28 

30 2 

98*5 

98*7 


56 

56 


14 

14 


66 

69 

1 

i 

27* 

38 32 

28 40 1 

98*3 

98*5 j 

97*5 

54 

54 

54 

14 

15 

15 

68 

67 

| 66 

28. | 

41 2 

25 18 ' 98*4 

98-7 :98-3 

52 

58 

60 

14 1 

16 

15 

1 66 

61 

1 65 

29- 

43 19 

21 32; 

98-6 

99*4 198 

56 

62 

58 

14 

15 

15 

65 

63 

! 68 

30. j 

44 59 

17 13 j 

98*1 

98-9 

97*3 

54 

56 

54 

14 

15 

14 

61 

59 

64 

Dec. I 

1. 

46 33 

12 7 j 

98*4 

98*9 

97-9 

54 

60 

56 

14 

14 

14 

59 

59 

63 

2. 

48 33 

6 44 1 

98*7 

98 

97-6 

58 

62 

48 

14 

15 

*•' 

58 

57 

59 


Comparing these results with those obtained in England and in the West Indies, 
they will be found to accord more with the former than the latter, the morning being 
on an average higher than those obtained at night. The small range of temperature 
is also worthy of note, and its decrease with diminution of atmospheric temperature. 
In those instances in which the variation was greatest, the higher temperature noted 
down, was in the middle of the day, commonly in connection with active walking 
exercise just before taken,—and the lower than ordinary at the same period of the 
day, was, after sitting for an hour or two exposed to the wind on deck. 
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Conclusions. 

Tlie following are some of the conclusions that appear to be either proved or ren¬ 
dered probable by the preceding results, or by those given in the Tables appended,— 
supposing, as it is believed, that, were the observations extended to many individuals, 
no material discrepancy would be witnessed. 

1. That the average temperature of man within the tropics is a little higher, nearly 
1°, than in a temperate climate, such as that of England. 

2. That within the tropics, as had before been found in cooler regions, the tempe¬ 
rature of the body is almost constantly fluctuating,—varying according to the variety 
of agencies to which it is subject, some of which are distinct, others obscure. 

3. That the order of fluctuation observed there is different from that in a cooler 
climate, the minimum degree of temperature being commonly early in the morning, 
after the night’s rest, and not at night previous to going to rest. 

4. That all exertion, whether of body or mind, except it be very gentle, coming 
under the designation of passive rather than active exercise, has a heightening effect 
on the temperature, while the latter, the passive kind, has rather a lowering tendency, 
especially carriage exercise. 

5. That heavy clothing, especially if tight and close, obstructing the admission and 
circulation of air, tends to raise the temperature unduly, especially under active exer¬ 
cise ; and that close, ill-ventilated rooms, especially when crowded, have in a marked 
manner the same tendency. 

6. That when the body is in a healthy state, then on rest after exercise or ex¬ 
posure to any other exciting cause, it rapidly recovers its normal condition as to 
temperature. 

/. That when labouring under disease, however slight, the temperature is abnor¬ 
mally elevated; and that—judging from observations made, but not recorded, in the 
Tables—its undue degree is some criterion of the intensity of the diseased action. 

8. That within the tropics there is comparatively little difference of temperature 
between the surface of the body, especially the extremities and the internal parts;— 
and that there the skin is more active in its function of transpiration and the kidneys 
are less active as secreting organs; with which it may be conjectured is connected a 
rapid production and desquamation of cuticle, and the absence, in great part or en¬ 
tirely, of lithic acid in the urinary secretion. This latter fact, however, may be ex¬ 
plained in a different manner, on the supposition that the acid is not formed in the 
blood, or if formed, in a greatly diminished quantity. 

9. That the effect of wine, unless used in great moderation, is commonly lower¬ 
ing, that is as to temperature, whilst it accelerates the heart’s action, followed after a 
while by an increase of temperature. 

10. That the tendency of sea-sickness is to check what may be considered the 
natural fluctuation of the temperature, and when severe, like disease, to elevate the 
temperature. 
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11. That the tendency of a sea voyage, apart from sea-sickness, is to equalize the 
temperature without elevating it, an equalization that is best witnessed in voyaging 
in a tropical sea, where the atmospheric temperature is so little variable. 

13. That even at sea, with a change of atmospheric temperature, there is a ten¬ 
dency to change of temperature of the body, the average increasing in proceeding 
towards the tropics, and diminishing in receding from them. 

These conclusions obviously admit of application, and that variously in relation to 
health and disease. It would be unsuitable to the occasion to dwell on this part of 
the subject; I shall merely remark, that ir is a happy circumstance for man, and 
seems wisely ordered, that fluctuation of temperature should be connected with a 
healthy state of the system, and probably conducive to it, in whatever manner pro¬ 
duced, whether by change of climate, or atmospheric variation, or by exercise, whe¬ 
ther of body or mind. The excellent health which the crews of the West Indian 
steam-packets have, that are in constant transition from heat to cold, is a striking 
proof of this, and other instances of a like kind, were it necessary, might be adduced 
in confirmation. 

Lesheth How, Ambleside, 

February 14, 1850. 
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Appendix. 

The thermometer used in making the observations contained in these Tables, was 
compared with a standard one, and was found to require no correction in its scale for 
the degrees of temperature indicated when placed under the tongne. 
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| Temp, under the tongue. 

Pulse. 

| Respirations. 

Temperature of room. | 


6-7 A.M. 

13-2 

9-11 

6-7 A.M. 

12-2 

9-11 

6-7 A.M. 

12-2 

9-li 

6-7 A.M. 

12-2 

9-11 


P.M. 

r.M. 

r.M. 

r.M. 


P.M. 

r.v. 


r.M. 

F.M. 


r i. 

98*8 

98*5 

9§-2 

54 

56 

78 

15 

15 

16 

72 

83 

79 


2. 

98 



58 



14 



76 




3. 

98*5 

99 

98*8 

56 

62 

66 

15 

15 

17 

74 

80 

78 


4. 

98*1 

98*8 

98*8 

56 

56 

62 

15 

16 

16 

76 

88 

77 


5. 

98*8 

99*1 

98*5 

56 

60 

76 

15 

16 

15 

75 

83 

78 


6. 

98*3 

98*9 

98*7 

54 

6b 

70 

15 

16 

16 

72 

81*5 

78 

u 

7. 

98*3 

99 

98*7 

56 

60 

62 

14 

16 

15 

76 

81 

78 

CO 

8. 

98*8 

98*8 

98*5 

54 

56 

62 

15 

16 

16 

74 

82 

77 

bs 

9. 

98*3 

99*3 


58 

66 


15 

16 


76 

82 


3 

p 

18. 

98*8 

99*1 

98*6 

58 

60 

58 

15 

16 

15 

76 

84 

78 

s 

19. 

98*8 

98*7 

98*9 

54 

58 

60 

14 

16 

15 

76 

82 

79 


! 20. 

98*8 

99*1 

98*7 

54 

60 

60 

14 

16 

16 

76 

83 

79 


23. 

98*3 

98*9 

98*5 

56 

60 

56 

14 

15 

15 

75 

83 

79 


94. 

98*1 

98*9 

99*2 

56 

60 

60 

15 

16 

15 

76 

82 

79 


25. 

98*1 

98*7 

98*9 

50 

52 

52 

14 

15 

15 

75 

81 

78 


26. 

98 *8 



54 



14 



73b 


i 


J9. 

98*3 

98*9 


52 

52 


14 

16 


72 

82 • 
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Respiratumi. 


Temperature of room 



16 

80 


79 

15 

80 

16 

79 

16 

81 

15 

79 


79 

15 

79 

15 

80 

14 

81 

16 

82 

16 

80 

16 

80 

15-6 

78*7 
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September 1846. J August 1846. 























































































November 1846. October 1846 





















































































































January 1847. December 1846 
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Temp, under the tongue. 

Pulse. 

Respirations. 

Temperature of room, j 



6-7 A.M 

12-2 

9-11 

6-7 A.M 

12-2 

9-11 

6-7 A.M 

12-2 

9-11 

6-7 A.M 

12-2 

9-11 




P.M. 

P.M. 


P.M. 

P.M. 


P.M. 

P.M. 


P.M. 

P.M. 


r i. 

97-9 

99*2 

98*7 

52 

60 

60 

14 

16 

15 

73 

o 

82 

7% 


2 . 

97-9 

99*2 

98*3 

56 

60 

60 

14 

16 

15 

72 

82 

74 


3. 

98*1 



56 



14 



71 




4. 

97*9 

98-9 


56 

62 


14 

15 


71 

81 



5. 

97-9 

99 

99*1 

56 

56 

64 

14 

16 

16 

71 

81 

74 


6. 

97-7 

99 


58 

56 


14 

15 


70 

79 



7. 

98-1 

98*5 

99*1 

58 

60 

60 

15 

15 

15 

71 

81 

75 


8. 

97*8 

98*7 

99 

54 

56 

64 

14 

16 

16 

73 

82 

75 


9. 

97*8 

99-2 

98*9 

54 

60 

64 

14 

16 

15 

72 

81 

78 


10. 

98*2 

98*8 

98*9 

56 

54 

64 

14 

15 

15 

74 

82 

78 


n. 

98-2 

98*9 

991 

56 

54 

62 

14 

16 

16 

73 

83 

77 

w 

00 

12. 

98*2 

98*7 

98*6 

58 

56 

58 

15 

16 

15 

74 

80 

76 


13. 

98-3 

98*5 


56 

50 


14 

H 


72 

80 



14. 

98-2 

98*7 

98*8 

58 

56 

56 

16 

14 

15 

74 

79 

75 

£ 

15. 

98-1 

98*8 

98*7 

54 

60 

58 

14 

16 

15 

71 

82 

76 

.fi 

16. 

97-7 

98*5 

98*8 

58 

54 

60 

15 

16 

15 

74 

82 

78 

£ 

17. 

98 

98*8 

99-1 

58 

58 

58 

15 

16 

15 

75 

82 

77 


18. 

97*8 

98*9 

98-6 

54 

58 

76 

14 

16 

16 

74 

82 

78 


19. 

97-8 

98*8 

98*8 

58 

58 

60 

16 

16 

15 

74 

81 

77 


20. 

98-2 



58 



14 



74 




21. 

98-2 



54 



15 



75 




23. 

98 

99 

98*9 

56 

54 

64 

14 

16 

16 

76 

83 

79 


24. 

97-9 

98-9 

98*9 

52 

60 

62 

14 

15 

15 

75 

83 

77 


25. 

98-2 

99*3 


54 

64 


14 

16 


74 

82 


• 

26. 

98-1 

98*9 

99*2 

56 

56 

62 

14 

14 

15 

74 

81 

76 


27. 

97*9 

98*8 

98*1 

56 

56 

60 

14 

15 

16 

72 

82 

76 


28. 

98 

98*4 


54 

54 


14 

16 


74 

83 



98 

98-8 

98*8 

55*5 

57-6 

61-7 

14*2 

15*5 

15-3 

73 

81*5 j 

\ 

76-3 



" 1. 

98 

98 *9 

99*3 

52 

54 

64 

15 

16 

15 

74 

83 

mi 


2. 

98*1 

98-6 

98*7 

54 

56 

56 

14 

16 

15 

75 

84 

78 


3. 

98*2 

99 

98-6 

54 

60 

80 

14 

15 

16 

75 

83 

78 


4. 

98*4 

98-7 

99 

62 

60 

66 

15 

16 

16 

76 

83 

78 


5. 

98*1 

98*8 

99*2 

52 

54 

68 

14 

16 

16 

75 

84 

77 


6. 

97-9 

98*8 

98*5 

54 

56 

62 

14 

15 

15 

75 

84 

77 


7. 

98*2 

98*5 

98*9 

54 

54 

64 

14 

15 

15 

74 

84 

77 


8. 

98*1 

98*8 

98*9 

54 

54 

62 

14 

15 

16 

74 

84 

76 


9. 

97*9 

98*7 

98 9 i 

54 

52 

56 

14 

16 

15 

74 

83 ' 

78 


10. 

98*4 

98*8 

989 

56 

56 

66 

15 

16 

16 

75 

84 ‘ 

78 

00 

11. 

98*1 

98*8 

98*9 

56 

50 

64 

15 

16 

16 

74 

83 

76 

.r=< 

12. 

98*1 



54 


! 

15 



74 



§ 

13. 

98*2 

99*2 

99*3 

56 

58 

60 i 

15 

15 

15 

74 

83 

78 

£ 

14. 

98*2 

98*9 

98*5 

56 

60 

60 

15 

15 

15 

75 

84 

79 


15. 

98 

99*1 

99-2 

56 

62 

60 

15 

16 

16 

76 

85 

78 


16. 

98*3 

98*8 

98*4 

54 

54 

60 

15 

16 

15 

75 

83 

76 


17. 

98*4 

99-2 

98*8 

56 

54 

62 

15 

15 

16 

78 

75 

76 


18. 

98 

98*8 

99*1 

52 

56 

70 

14 

16 

16 

75 

84 

78 


19. 

98*2 

98*7 

98*8 

52 

54 

60 

15 

16 

16 

75 

83 

78 


mai 

98*2 

98*8 

98*9 

56 

52 

62 

15 

15 

16 

76 

83 

77 


21. 

98*2 

98*7 

98*9 

52 

52 

mm\ 

14 

15 

15 

74 

83 

77 


23. 

98*1 

99*1 

98*7 

58 

60 

iffl 

14 

16 

15 

75 

83 

76 


24. 

98*1 

99-2 


B 

64 


14 

16 


75 

82 


r 

98*1 

98*8 


s 

m 

62*7 

14*5 

15-6 

15 

74*6 

83*5 

77-1 
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Temp, under the tongue. 



6-7 A.M.I »*-* i •-« 


1 . 

98*3 

99 

99*1 

2. 

98*2 

98*7 

98*1 

3. 

98*2 

98*7 

99*2 

4* 

98*2 

1 98-6 

98*3 


98*1 98-3 

97- 9 98-7 
98*3 • 98*2 

98- 3 98-6 

98 98*7 

97*8 98-7 

97-9 98*7 

97*9 99-2 

98*3 98-5 

97*7 99 

98*2 98*4 

98*3 98*7 

98*2 98*9 

97*5 99 



. 10. 98*1 

Sr 11. 98 
2 J 12. 98*2 
(-0 13. 97*9 
£ 14. 98*1 

15. 98*1 

16. 98*2 
17- 98*1 

18. 98*3 

19. 98*4 

20. 98*1 
21. 98*1 
22. 98*3 
28. 98*2 
24. 98*4 


98*1 98*9 98*8 56*6 57*8 61*3 14*5 15*8 15*6 | 76*7 1 85 


































































































November 1847. I October 1847. 





































































































































































































































March 1848. ! February 1848, 



Temp, under the tongue. 


Respiration*. 


Temperature of room. 



9-U |6-7 a je. 12 ~ 2 9-11 

F.M. P.3 


98-8 56 

98*8 54 

98*9 56 

98*6 54 

98*9 56 

98*8 56 

99*3 56 

98-8 57 

99** 56 

99 54 

98*9 55 

99 56 

98*5 52 

98*9 56 

99*3 52 

98*9 57 

99*2 58 

98*8 54 

98-7 52 

98*7 56 

98*9 52 

99*1 52 

98*9 56 

99 54 

99 58 

. 54 

99 56 

98*8 54 

98*9 52 


12-2 2-11 * * 12-2 9 - 

p.i«, p.m. P.M. p.1 


r j* 

98 

98*8 

99*3 

| 54 

2. 

98*1 

99*6 

99*2 

j 56 

3. 

98*2 

98*8 

99 

56 

4. 

97*8 

98*9 


52 

5. 

98*1 

98*5 

99 

j 60 

6. 

97*9 i 

98-7 ! 

98*6 

! 56 

7- 

97*8 j 

98*3 j 

98*9 

i 52 

8. 

97*9 1 

99*5 ; 

99 

; 52 

9. 

; 98*i : 

99*4 ! 


! 54 

10 . 

98*4 | 

99*1 1 

99 

i 58 


12 . 

98*1 

13. 

14. 

98 

98*1 

15. 

16. 

98 

98*3 

17. 

98*1 

18. 

98*1 

19. 

20. 

98*2 

98*2 

21. 

98 

22. 

23. 

98 

98*1 

24. 

98*3 

25. 

98 


27. 

97*9 

28. 

29. 

! 97*9 
98 

30. 

98*2 

31. 

98 



98 98*9 98*9 54*9 57*6 59*7 14*3 15*5 I 13*4 I 75*1 
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Temp, under the tongue. 


Respirations. 


9—11 ft—7 a m 12—2 9—11 

F.M. F.M. K.M. 



Temperature of room. 


12-2 9-11 


111 . 

98-2 


_ 


98*9 

54*9 

57-7 

60-9 

14*7 

15*2 

15*3 

74-8 


98-7 

52 

j 58 

60 

14 

15 

15 

78 

98-6 

52 

1 56 

58 

15 

15 

16 

79 

99 

56 

! 54 

60 

14 

15 i 

16 ! 

77 

99 

52 

1 56 

54 

14 

16 

16 

78 

99 

56 

i 54 

60 

15 

16 

15 

79 

99*1 

54 

’ 56 

70 

15 

14 

36 

79 

99 

58 

1 56 

60 

14 

15 

16 

78 

991 

54 

| 66 

60 

14 

15 

15 

78 

98*4 

56 

1 58 

58 

15 

15 

15 

79 

99 

58 

! 58 

66 

15 

14 

16 

78 


58 

i . 


14 



78 

98*9 

55*1 , 56*2 

wm 

| 14-3 

15 

warn 



85-6 

80-6 


81 


84 

81 

85 

82 

85 

80 

86 

81 

83 

80 

86 

81 

86 


85 

78 

86 

80 

86 

81 

85 

81 

79 

80 

85 

8l 

85 

80 

85 

82 

86 

82 


79 

83 j 

81 

84 

81 

86 

80 

85 

79 

86 

89 

86 

80 

84*7 

80*4 
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Temp, under the 

tongue. 

Pulse. 

Respirations. 

Temperature of 

room. 



6-7 KM. 

12-2 

9-11 

6-7 KM. 

12-2 

9-11 

6-7 KM. 

12-2 

9-11 

6-7 A.M. 

12-2 

9-11 



p .m. 

P.1*. 


P.M. 

p.st. 


p.st. 

p.st. 

P.SC. 

P.SC. 


r i. 

98-2 

9§-3 

0 

99 

50 

58 

60 

14 

16 

15 

77 

85 

81 

QO 

2 . 

98*1 

99 


52 

56 


14 

15 


78 

82 


00 

s. 

98*5 

98*8 

98*5 

58 

56 

58 

15 

15 

15 

77 

82 

78 

r— 

4. 

98*2 

99*1 


50 

58 


14 

15 


77 

84 


jj< 

5. 

98-1 

99*4 

98*5 

62 

58 

58 

15 

16 

16 

78 

86 

79 

s 

6 . 

98*1 

99*2 

98*4 

56 

58 

58 

14 

15 

15 

77 

83 

78 

I 

7. 

98 

98*9 


58 

56 


14 

15 


77 

83 


S5 

1 8. 

98*2 

99*3 

98*9 

54 

62 

62 

14 

16 

16 

76 

83 

79 


. 9* 

98*1 



58 



14 



78 



□ 

98*1 

99*1 

98*6 

55*3 

57-7 

59*2 

14*2 

15*4 

15*4 

77 

83-S 

79 


Postscript to Dr . Davy’s Paper on the Temperature of Man. 

Received May 8,—Read May 16, 1850. 

The thermometer with which the preceding observations were made was broken 
immediately after my return to England, when travelling by railway, no special pre¬ 
caution having been taken in the packing of it, as by inclosing it in elastic horse-hair; 
and in consequence I had not the means at once of making further trials on tempe¬ 
rature for the purpose of comparison. Recently, having had another thermometer 
constructed as delicate as that before used and divided with the same minuteness— 
each degree of Fahrenheit into ten parts—I have been enabled to continue the trials; 
as yet, however, only for one month, that of April, without interruption. They have 
been made thrice daily, at about the same hours as those recorded in ray former 
paper. The results, under ordinary circumstances of health, exercise, &c., have ac¬ 
corded with those then obtained, the highest temperature having been found to be 
immediately on rising in the morning after the night’s rest, and the lowest at night, 
just before retiring to rest. This accordance will probably be received in proof that 
the difference of results in the West Indies and in England has been mainly owing 
to difference of climate and the habits of life connected therewith; and apart from 
these, to no change in the individual, the subject of the trials. 


May 4, 1850. 



















[467 } 


XXIII. On the Oils produced by the Action of Sulphuric Acid upon various Classes 
of Vegetables. By John Stenhouse, Esq., Ph.D., F.R.S. 

Received March 28,—Read April 18, 1850. 


NEARLY thirty years ago Dobereiner observed, when preparing formic acid by di¬ 
stilling a mixture of starch, peroxide of manganese and sulphuric acid, that the liquid 
which passed into the receiver contained a small quantity of oil which rendered it 
turbid. To this oil Dobereiner gave the somewhat fanciful name of “ artificial oil of 
ants,” though the very limited quantity in which he was enabled to procure it pre¬ 
vented him from determining almost any of its properties. 

My attention was first directed to the subject in 1840, when I found that the oxide 
of manganese was quite unnecessary, and that this oil could be readily prepared by 
operating on most vegetable substances with slightly diluted sulphuric acid. In this 
way I succeeded in procuring considerable quantities of the oil from wheaten and 
oaten flour, from saw-dust, bran, chaff, &c., and was thus enabled to subject it to a 
more detailed examination. The oil, when analysed, was found to have the formula 
C 5 H 2 0 2 , or the triple of this, C l5 H 6 0 6 , presenting the remarkable circumstance of a 
volatile aromatic oil containing oxygen and hydrogen in the proportions to form 
water. This proved it to differ essentially from other known oils, all of which contain 
an excess of hydrogen. 

Dr. Fownes took up the subject in 1845, and made the interesting discovery, that 
when the oil was agitated with a considerable excess of aqueous ammonia and set 
aside for a few hours, it was converted into a bulky crystalline mass, becoming C l5 
H 6 0 3 by the absorption of one equivalent of nitrogen and the elimination of three 
equivalents of oxygen which had united with the hydrogen of the ammonia. To this 
compound Dr. Fownes gave the name of furfuramide, and to the oil itself that of 
furfurol. Dr. Fownes also made the still more important discovery, that when fur¬ 
furamide is boiled for a short time with dilute potash lye, it is without any alteration 
of its per-centage composition, but merely by a new arrangement of its component 
elements converted into a crystalline base, furfurine, the formula of which is H 12 

o 6 n 2 . 

Furfurol was also examined in 1848 by M. Cahours, who, in addition to confirming 
Dr. Fownes’s discoveries, observed that when a stream of sulphuretted hydrogen is 
pussed through an alcoholic solution of furfuramide, the half of the oxygen in that 
body is removed and replaced by sulphur. This new compound, which he called 
thiofurfurol, precipitates as a crystalline powder and has the formula C, 0 H 4 S 2 0 2 . 

3 o2 
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M. Cahours also found that when thiofurfurol is distilled it is entirely decomposed, 
producing a beautifully crystalline substance containing no sulphur. Its formula is 
C w h 8 o 4 , or some multiple of these numbers. 

As furfurol, both from its composition and properties, occupies a somewhat isolated 
position in regard to other essential oils, it appeared to me not improbable that it 
would be found on more extended investigation not to stand really alone in nature, 
but to be one of a series of similar oils. This consideration induced me about six 
months ago to resume its examination, and, as will presently be seen, the expectation 
I bad formed was not altogether without foundation. Before detailing these re¬ 
searches, however, I shall shortly state a few additional observations which I have 
recently made upon furfurol and some of its compounds. 

Furfurol is most advantageously prepared by distilling one part of bran with rather 
more than half its weight of sulphuric acid diluted with two parts of water. I find, 
however, that furfurol may be also produced with muriatic acid, though in practice it 
is more advantageous to employ sulphuric acid, as it remains in the retort and does 
not distil over with the oil, as is the case with muriatic acid. 

The arrangement for preparing furfurol on a considerable scale which I have found 
most suitable, is the following. About 32 lbs. of wheaten bran and 20 lbs. of sul¬ 
phuric acid diluted with twice its bulk of water, were introduced into a large three¬ 
necked WouLF’s-bottle made of salt-glazed earthenware. These bottles are usually 
employed as condensers in the manufacture of muriatic and nitric acids, and are ca¬ 
pable of containing from twenty to thirty gallons each. A leaden pipe connected 
with a tolerably large steam-boiler is passed through a perforated cork to near the 
bottom of the stone-ware bottle, from the top of which, on the opposite side, a second 
pipe is carried into the worm of a condensing apparatus, which is kept cool by means 
of a plentiful supply of cold water. The steam from the boiler is then passed through 
the mixture of the acid and the bran, which soon becomes hot and then boils, when 
a weak aqueous solution of furfurol passes over into the condensing apparatus and is 
collected in the usual way: the whole of the oil usually comes over in from 16 to 
18 hours. This weak liquid is pretty strongly acid, and requires to be exactly neu¬ 
tralized with pounded chalk, and to be rectified till about the half of it has distilled 
over. It is important to avoid adding an excess of chalk, and rather to leave the 
liquid slightly acid, as an excess of chalk sets free the ammoniu present in the solution, 
which, combining with the furfurol, oxidizes it, and thus greatly diminishes the amount 
which would otherwise be obtained. The first portion only of the liquid which distils 
over is preserved, as that which remains in the still contains scarcely any oU. The 
now somewhat stronger solution of the oil is then supersaturated with common salt 
and again cautiously rectified. The first portions of the liquid which come over yield 
a considerable amount of oil, and by repeatedly saturating the weaker solutions with 
salt and rectifying, the whole of the oil they contain may be pretty readily obtained. 
The 32 lbs. of bran yielded from 12 to 13 ozs. of furfurol. I have invariably found 
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that crude furfurol always contains a considerable quantity of acetone, a circumstance 
which appears to have escaped the notice of preceding experimenters. 

In addition to the substances which had bran previously employed for preparing 
furfurol, I may mention that I have obtained it from oil-cake, from cocoa-nut husk, 
and from the raspings of mahogany. The two first substances, from their cheapness 
and the large quantity of oil which they yield, are very well fitted for this purpose. 
The furfurol from mahogany, though smaller in quantity, is pretty free from resin, and 
is therefore more readily purified than that from bran or oil-cake. 

Crnde furfurol, from whatever source it is prepared, always contains a quantity of 
another essential oil, which has a much higher boiling-point and does not form a 
crystallizable amide. This second oil is exceedingly oxidizable, and every time it is 
distilled a considerable portion of it is changed into a brownish resin, which instantly 
strikes a deep red colour when mixed with a few drops of cold muriatic, nitric or sul¬ 
phuric acids. In a previous paper I mentioned this reaction as characteristic of fur¬ 
furol, and in this statement I have been followed by Dr. Fownes. It is a mistake, 
however, as furfurol never yields this deep red colour with acids when it has been 
freed from this accompanying oil, which, as it appears to be invariably formed along 
with furfurol, I shall call meta-furfurol. 

Furfurol may be pretty readily freed from this oil by being repeatedly rectified with 
water; the meta-furfurol, as it is much less volatile, remains chiefly in the’retort, where 
it is rapidly oxidized. Two, or at most three rectifications, are therefore sufficient to 
render furfurol perfectly free from meta-furfurol. The absence of meta-furfurol may 
he easily ascertained by boiling an aqueous solution of furfurol with an excess of lime 
for a few minutes. The furfurol is immediately oxidized, and the solution acquires a 
deep yellow colour. If this solution is then treated with an excess of muriatic or 
sulphuric acids, not the slightest reddening is produced if the furfurol is free from meta- 
furfurol, but if even a trace of this latter oil is present, the characteristic deep red 
colour immediately appears. When pure furfurol is added to strong muriatic or sul¬ 
phuric acid in the cold, it instantly changes to a brownish black colour, being rapidly 
oxidized, but not the slightest reddening is visible. Meta-furfurol is also much less 
soluble in water than furfurol. It also dissolves with difficulty in aqueous ammonia, 
with which it forms no crystallizable amide, but is rapidly changed into a brownish 
amorphous resin. When ineta-furfurol is digested with strong nitric acid, it is changed 
into a nitrogenated crystallizable acid, which is either oxypicric acid, or a closely 
analogous compound. It yields chloropicrine when it is treated with either muriatic 
acid or hypochlorite of lime. Furfurol, on the contrary, when digested with nitric 
acid, is wholly converted into oxalic acid. Crude furfurol made from bran contains 
a good deal of meta-furfurol, but the crude furfurol from mahogany and other hard 
woods is comparatively free from meta-furfurol. 

Furfurol stains the skin of a deep yellow colour, but if the part moistened with it 
is ■!«(> touched with a, few drops of aniline it becomes of a bright red colour. The 
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same effect is also produced when paper, white silk, linen or cotton cloth is similarly 
treated. The red colour begins to appear in the course of a few minutes and remains 
for some days, after which it changes to a brownish yellow. I regard this coloration 
as an effect of mutual oxidation, for I bare failed in procuring any crystalline compound 
similar to furfuramide, either with aniline or with some others of the volatile alkaloids. 

Double Chloride of Furfurine and Platinum. 

Dr. Fownes, who first prepared this salt, states that a solution of bydrochlorate of 
furfurine, when treated with a slight excess of bichloride of platinum, forms a nearly 
insoluble bright yellow precipitate. This is true only when the double salt is produced 
by mixing cold aqueous solutions. When however chloride of platinum is poured 
into a hot solution of muriate of furfurine in weak spirits, the same salt is slowly de¬ 
posited on the cooling of the liquid in bright yellow needles, often an inch in length, 
and closely resembling carbazotate of potash in appearance. 

I. 0‘4265 grm. salt prepared in the way just described and dried in vacuo, gave 
0'089 platinum=20*86 per cent, platinum. 

II. 0*326 grm. salt prepared in the way just described and dried in vacuo, gave 
0*0670 platinum=20*55 per cent, platinum. 

The calculated quantity for the formula C :J0 H 12 N 2 Og + HCl+PtCl, is 20*82 pla¬ 
tinum per cent. Dr. Fownes found 20*45. There can be no doubt, therefore, 
notwithstanding the difference in their mode of preparation and crystalline state, that 
both salts are identical. 


Nitrate of Furfurine. 

Dr. Fownes also analysed nitrate of furfurine crystallized from an aqueous solution. 
It then forms irregular long acicular crystals arranged in stars. From alcohol it 
is deposited in large very regular rhombic prisms, which possess great lustre, and may 
be readily obtained nearly an inch in length. If the spirituous solution out of which 
the salt has crystallized is very strong, its crystals, which are at first perfectly trans¬ 
parent, on being kept for some time in a dry atmosphere become quite opake, but if 
they are crystallized out of dilute spirits they retain their transparency. 

0*2905 grm. salt crystallized out of spirits and dried in vacuo, gave 0*580 carbonic 
acid and 0*109 water. 

Found numbers. 

C 54*35 54*45 

H 3*93 4*16 

The formula of this salt is C 30 H 12 N 2 0 6 +N0 5 -f HO. 

It is plain therefore that the nitrate, whether it is crystallized out of water or weak 
spirits, does not vary in composition after it has been dried in vacuo. 
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Fucusol. 

It has been satisfactorily ascertained by various experimenters that furfarol is not 
produced by the action of acids on either the amylaceous or saccharine portions of 
the vegetables which yield it. Neither do the lignine, the gluten or the other nitro¬ 
genous principles of plants, at all contribute to its formation. The source of furfarol 
requires to be referred therefore to some other very generally diffused proximate prin¬ 
ciple. Dr. Fownes has thrown out the conjecture, that the substance which yields 
furfurol is the matikre incrustante of M. Pa yen, viz. the matter with whieh the interior 
of the ceils of plants is lined. This is a hypothesis which I feel disposed to regard 
as exceedingly probable, though it must be confessed that the muti&re incrustante is 
not a simple proximate principle, but consists, according to M. Payen, of four kindred 
substances, no one of which the present state of our knowledge enables us with any 
great degree of certainty to prepare absolutely pure. 

Now as it appeared very probable that the matihre incrustante of the different great 
classes of plants would be found on examination to be analogous but not identical, I 
thought it likely that the oils derivable from them would also prove not identical with 
furfurol, though probably very analogous to it in their nature and properties. The 
Algae therefore, as possessing a structure which differs very widely from ordinary her¬ 
baceous plants, were selected in the first instance as a very good test of the truth of this 
hypothesis. A quantity of the commonest sea-weeds, consisting chiefly of Fucus no - 
dosus, F, vesiculosus , F. serratus , &c., were cut into pieces and introduced along with 
a good deal of sulphuric acid diluted with two parts of water, into the apparatus de¬ 
scribed in a preceding part of this paper. Steam was then passed through the mixture 
during sixteen to eighteen hours, so long indeed as the liquid which distilled over 
appeared to contain any considerable amount of oil. The acid liquor which collected 
in the receiver was nearly neutralized with pounded chalk, and the oil separated 
from it exactly in the same way as with furfurol. 

The crude oil from Fuci, which I shall call fucusol, always contained a considerable 
amount of acetone, which required to be removed by washing it with water, carefully 
rectifying it at a low temperature, and rejecting the first portions of the oil which 
distilled over. I may mention in passing, that I have invariably found acetone to be 
a constant product, and that to a considerable extent, of the action of sulphuric acid 
upon vegetable substances. Crude fucusol also contains a quantify of meta-furfurol, 
or at any rate of a very similar oil, from which it requires to be freed by being re¬ 
peatedly rectified along with water, precisely in the same way as furfurol. The sea¬ 
weeds yielded only about a fourth part of the oil which a similar quantity of bran 
would have done. 

When dried by standing over fused chloride of calcium and then rectified, fucusol 
possesses the following properties. When newly distilled it is nearly colourless, but 
in a few days, especially if exposed to the light, it becomes brownish yellow, and in 
the course of a few weeks of a deep brown colour. If the fucusol is not quite free 
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from meta-furfurol it colours still more rapidly, and in the course of a few days 
becomes perfectly black; pure fucusol may however he kept in hermetically scaled 
vessels for apy length of time without change. Its specific gravity at 13|° (1 is 1* 150. 
I found that of furfural at the same temperature 1*1636. Dr. !Fow“nes makes it 
1*1648 at 60° Fahr. When heated in a glass retort containing some thin slips of 
copper, fucusol boils regularly arid uniformly between 171 d an(l As the boiling 

proceeds, the oil grows coloured, and a small portion of it is destroyed, by every di¬ 
stillation, being converted, into a dark-coloured, resin which remains in the retort. I 
found the boiling-point of furfural from brain to be 166° C„ whileMessrs. Fownks and 
Cahours found it only to be 162^° C. Neither of these gentlemen make any mention 
of the adetone whic,h is always present in crude furfural; 1 do not boweyei* a^firpi that 
the oil examined by these chemists contained acetone, though, judging from, tl|^ low¬ 
ness of its boiling-point, I think this by no means improbable. ,, f 

Fucusol very closely resembles furfural .both in its taste and smell, though the 
odour of fucusol is much fainter and more agreeable. Fucusol requires 14 parts by 
weight of water at 13° C. to dissolve it, while furfural dissolves in 11 parts of water 
at the same temperature. Furfural dissolves in 9 times its weight of pretty concen¬ 
trated liquor ammonia: at 13^° C., while fucusol requires 12 times its,weight of the 
same liquid for its solution. The difference therefore between the oils in regard to 
solubility is considerable. Fucusol also shows much less stability, apd is therefore 
more readily decomposed than furfural. With muriatic acid, fdeusol strikes a pale 
green colour, which on standing becomes greenish Mack. Nitrio acid gives it a pale 
yellow colour, sulphuric aeid'a greenish thrown, which in time becomes bluish black. 
Solution of potash turns it first yellow, then pale red, and lastly dark red. Lime and 
soda produce similar results. If however the fucusol contains any meta-furfurol, it 
instantly strikes a bright red colour with either muriatic, nitric or sulphuric acids. 
Fucusol stains the skin of a deep yellow colour, which is .tolerably, persistent. ; If, these 
yellow spots ace moistened with ani line,, they, immediately become height,red, exhibiting 
the same reaction ;as furfural. Pure fucusol tyhen dried was,analysed. i . , 

I. 0 2605 griu. oil gave 0'694:curbonic acki and O104 water, ,,, 

> lit 0*254 grm. oil gave O;583,!carbonic acid and 0*105, water*, i , 

III. 0*228 grni. oil gave 0*5:21 carbonic add aptl O'002 water. - ... 


Calculated numbers. . 

t i 

I. 

Found number*. 

11. 

. • ’ 1 n > 

15 C 1125 

62*50 

62*19 

62*59 

62*32 

G H 75 

4*1/ 

4-43 

4‘59 

4*48 

6 0 600 

33*33 

' 33*38 

i 

32*82 

- ‘ . .. A 1 ! 

33*20 

1800 , 

100*00 ,, 

*100*00 

, 100*00 

100 00 


It, is plain therefore, from the results pf these analyses, that the formula of fucusol 
is C’i 5 H 6 O fi , and consequently that furfural and fucusol are isomeric compounds. 
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Fucusamide. 

When fucusol is intimately mixed with eight or nine times its bulk of pretty con¬ 
centrated aqua ammoniac, the oil and ammonia combine to form a slightly yellow 
crystalline mass. As fucusol is less soluble in liquor aminoniae than furfurol, it requires 
a greater quantity of ammonia, and both liquids must be brought thoroughly into 
contact, otherwise the fucusol is apt to be acted on chiefly at the surface, while the 
interior of the mass contains a portion of nearly unaltered oil. The amide, which I 
shall call fucusamide, may be readily obtained in pretty long needles radiating from 
a centre by crystallizing it out of hot spirits of wine, in which it is very soluble. In 
appearance it closely resembles furfuramide, but is a much less stable compound. 

I. 0*413 grin, amide dried in vacuo , gave 1*02 carbonic acid and 0*174 water. 

II. 0*332 grm. amide dried in vacuo , gave 0*809 carbonic acid and 0*138 water. 

III. 0*35/ grm. amide dried in vacuo , gave 0*884 carbonic acid and 0*152 water. 

0*402 grm. amide dried in vacuo by Will’s method, gave 0*655 double chloride of 
platinum and aminonia= 10*23 per cent, nitrogen. 


Calculated numbers. 

I. 

II. 

III. 

10 C 1125 

07-17 

67*35 

66*46 

67*53 

6 H 75 

4-47 

4*67 

4*61 

4*72 

3 O 300 

17-91 

1775 

* 

GC 

o 

1752 

IN 175 

10-45 

10*23 

10*23 

10*23 

1675 

100*00 

100*00 

100*00 

100*00 


The formula of fucusamide is therefore Ci 5 H 6 O a N r , being identical with that of 
furfuramide. 


Thiofucusol. 

M. Cahours observed, that when furfuramide is dissolved in spirits of wine, and a 
current of sulphuretted hydrogen sent through the solution, a whitish granular pre¬ 
cipitate falls, which consists of a compound in which the half of the oxygen in furfur¬ 
amide is replaced by sulphur. On passing a current of sulphuretted hydrogen through 
a cold alcoholic solution of fucusamide, a corresponding compound was formed, which 
closely resembles tbiofurfurol in appearance and properties. 

0*4/7 grm. thiofucusol dried in vacuo , gave 0*929 carbonic acid and 0*170 water. 

0*6045 grm. thiofucusol dried in vacuo , gave 1*26 sulphate of barytas28*65 sulphur. 



Calculated numbers. 

Found numbers. 

10 c 

705 

53*58 

53*12 

4 II 

50 

3*58 

3*95 

2 S 

400 

28*58 

28*65 

2 O 

200 

14*26 

14*28 


1355 

100*00 

100*00 
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Wbe 1 B ; thidftH i fah)l is destructively distilled It isi decomposed Wilh theformatkmof 
acurrooS tabstance called' pyrofurfu rdl, which crystallizes In Iou& heedlesiand Ctiht&ifiS 
an siilpbor; ‘M. CxHotras's formula foe it is C,g ! H 8 0 4 i TMbfocuSol, when dfisliHed- 
yields a simiktr compound, which! I’shall call pyrdfecusdl. ”1 t alsO crystallizes In king 
needles, and has probably the s&me Oomposifion as pyrofurfiirol, tbCtighfroih the Very 

email quantity at my disposal I was ana We to ascertain this by analysis. ! !U 

..... ., , sr 

. t. t , >. . . , Fucusine. • > . ; , , „ ■ 

J i 1 

When pore fbcusamide, which should be nearly colourless, having only a Slightly 
yellowish shade; is boiled for 20 minutes or half an hour With moderately strong soda 
or potash lye, no ammonia is evolved, and the amide is changed into a light brownish* 
coloured oil, which solidifies on the cooling of the liquid. It consists of a salifiable 
base, which 1 shall call fucusine, combined with a quantity of a brownish resin. > This 
erode fucusine, when separated from the lye in which it has been boiled, is always soft, 
even at low temperatures, and does not exhibit the least approach to Crystallization. 
At the temperature of 10°C. it is exceedingly tenacious, and may be easily drawn into 
threads,! which resemble those of half-dried molasses. If we attempt to separate 
fucusine from adhering resin by boiling it with water und filtering, we find, on the 
cooling of the solution, that a yellowish amorphous resin is deposited on the sides and 
bottom of the vessel. Ibis method therefore, by which furfurine is so readily purified 
and obtained in a crystalline state, does not at all succeed with fucusine. Though I 
made many attempts, I was equally unsuccessful in crystallizing crude fucusine either 
from alcoholic or etherial solutions. If the fucusamide which has been employed m 
the preparation of fucusine is so impure as to have a brownish colour, it is next to im¬ 
possible to extract any pure fucusine from it. In this repect therefore fucusine differs 
very considerably from furfurine. Which, even when very impure, solidifies on coding 
to a hard crystalline mass; and if it is digested with a little animal charcoal and 
crystallized two or three times out of boiling water, it is deposited on the cooling of 
its solution in long slender colourless needles. Fucusine, on the other hand, so long 
as it is mixed with a little resinous matter, does not crystallize at ail, and even when 
perfectly pure does not Crystallize nearly so readily as the analogous base. 

The way in which I succeeded in purifying fucusine, was by preparing some of its 
salts, which crystallize pretty readily, even from impure solutions. The salt best 
adapted for this purpose is the nitrate, and the mode of proceeding was the following. 
The crude fucusine was digested with a very slight excess of dilute nitric acid, at a 
heat little higher than was necessary to melt it. The crude fucusine was constantly 
stirred with a spatula, so as to bring every portion of it into contact with the acid 
liquid. The mixture was then allowed to cool for a few minutes till the resinous 
matter had solidified, when the liquid portion was poured off into a second basin, 
where it soon deposited a quantity of hard shining crystals. By repeatedly digesting 
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to cmdt fuousiae with the acid mofcberdiqaal* out'df which tie jflryrtds of nitrate 

Iw4 ^lwp^ t ^«3fi9fN» cTcryetete m*y b* readily J Stow*** 

stillfurtber purified by bcingrepeatedlyf : tlpe|r-'iiWfc*r 

l>e easily ofe^in^dta teiwo shipingi rhombic prisms, when deposit^/ran widfoMfe 
solqtiqn.., ,$y.dism^ pure nitrate oC fuc««we in water, 

and riigbUysupcrsoturatiug the solution with ammonia, faqusj^ gradually subsides 
in white, short toStish prisms forming smell stars, is w ., ?, .-* , 

When pure fucusine is dissolved in boiling water, the solution, so soon as it begins 
to cool, grows turbid, and in the course of a few hours the fucusine is deposited in 
short ftattiah prisms arranged in fan-shaped figures on the sides and bottpm oF the 
vessel. Its mode of crystallizing strongly contrasts with that of furfurine, whlch, so 
soon as its solution begins to cool, forms long slender needles which in a short time 
fill the whole of the liquid. Furfurine may be obtained from pure farfuratmde with 
little more than a trace of adhering resin, but even from nearly colourless fucusamide 
I was seldom able to procure much more than two-thirds of fucusine, the remainder 
being changed intoa dark-coloured tenacious resin. 

The cold aqueous solution of fucusine is distinctly alkaline to test-paper, and its 
alcoholic solution, as might have been expected, is still more strongly so. Fttcusitie 
and furfurine are nearly equally soluble in boiling water, but fucusine dissolves in 
2*400 parts by weight of water at 8° C., while furfurine requires 4*80(^ or exactly twice 
the quantity at the same temperature. This is one reason that while a hot aqueous 
solution of furfurine, on cooling, is tilled with long slender crystals of that base, a 
much smaller portion of fticusine crystallizes out, as twice as much of it is retained 
in the cold solution. Fucusine is however considerably less soluble in dilute spirits, 
at ordinary temperatures, than furfurine. : £ •>♦* 

‘I. 0r393grm. fucusine dried in vacuo , gave 0-97 carbonic acid and 0*162 water. , 
IL 0*457 grm* fucusine dried in vacuo, gave by Will’s process 0*75 aittttionio-ototo- 
ride of platinum a=to*30 nitrogen. • ** ^ ; 


Calculated numbers. 

30 C 2250 0 
12 ,H 1497 

, 2 N 350-4 

6 O 600 0 


Found numbers. 

67-17 67*30 

4-47 4-68. 

10-45 10;30 

17-91 17 82; 


4 M ' 4 <* t 5 < 

l ,i'h * '■< 
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3350*0 100*00 100*00 ( ^ 

It is plain from the result of this analysis, that fucusihe and furfurine are also iso*- 

meric compounds. . ' ' . . *' * * 

^ « - , ■ . Nitrate Fucusine* \ '?. , - I 


ThM is one of the salts of fubusine which crystalfiies most readily. I bhve already 
detailed the mode of preparing and purifying ir, and shall not therefore repeat it again. 
When Crystallized out of d hot aqueous solution, it forme long prisms tapering towards 
their extremities, and united by their broad ends so as to form large atarS. But when, 
crystallized out of spirits of wine, it forms large rhombic prisms of great regularity of 
structure and adamantine lustre. When deposited from strong spirits of wine, these 
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crystals become opake when dri^ ^ ^vbei^ pry^pllized out of weak spirits, they 
retain their transparency. When dried under the air-pump and subjected to analysis, 
the'salt'was found to hare tile same lormuLa’astfie corresponding ! shW ot mrfunne, 
via.C 3# H 12 N 2 0,+N0 s +H0. ' 1 ^ ' "” < > ! I*' 11 ”'" 

0-488 grin, salt gave 0-972 cprbopjp ^7^ water. 

Calculated numbers* Found numbers* 

tii i iM in I if 1 1 I C M >0^8^^ ' 1 * * * $4r9Q i r ^ »*»* 4 1 m } ^ W 

* in * i 1 >* f|s »» *i <«»!)* T mi ) > 4 

When the nithatbof facusinels heated in the water^bath to 100^*0., it soon becomes 
cohfei-ed and decomposes.' (l 1 1 <<* ■ i * 1 11 <' * *o h 1 

Thrdi&h the kindness of Professol- W. H. Millek of Cambridge, which I have-often 
fowheriy Experienced. I am Enabled to subjoin rite annexed figures’and rbeMtiretherrts 
of the'crystals of ‘dhe'nitraites of focusing jahtf furfttrine; 1 1 >' I 

* 1 » f * * f 1 if +4 1 . i » I i m! ) * i 

U 'll Nitrate vffucusme. , , t , f , , 

Prismatic .—The symbols of the simple forms are,—a 100, «011, m 110, s I{1 , 

The angfep between npnwpls to the feces are,— 


*" ’ f 1 1 11 '' not 64 0 

ma 47 51 

' ' nm' *4 IS 

• sa 68 € 

mi 21 54 
s/ 43 48 
sst 60 42 

. „ *'*? o 

Cleavage: — a, very perfect; it, s , : less perfect. 



Nitratb hf Furfurine. ‘ 1 

Prismatic :—The symbols of the simple forms are ,—a 100, b 010, e 101, 1 310,»320, 
*111: a truncates the edge tt". 

j Pi t v i 1 

The angles between normals to the faces are,— 


j j fj i. 1 f 

mi i i « i 

, ea 70 4Q 




eJ 38 40 
nb 47 50 ^ 

tb 65 40 

f 

i \ 

ft J 

\ 

• W \ 

ab 90 ’“O 1 

/ ' 

-aiLiJy to if* 

u* J 1 

ml 84 28 ! 


h— HXbr**»Ui > ' \ \ 

fill 1 

tt 4® 4© 

\ s' 

aIl i ft of o >♦< 

> ht 

sa 72 8 


> 

« «D h 

I 

st! 35 44 


* f/f - ! 

h 

eb 67 39 
st 1 44 42 
sis! 1 58 44 


f< '-if? Mm i } i 

* >i i mi 


Cleavage :— b, very perfect; a, t, less perfect. 
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centrated, m short slender needles arranged in stars. (i . 


•'; ''‘•tke'l&Miv 'rfaithM'xidti! 

1 1 .ft « } i h* b r .Jt ‘ * 

When bichloride of platinan .is added to a colA;aqneoa* solution of hydrochlorate 
of fucusine, a crystalline yellow!precipitate immediately subsides. But if the solutions 
of.the two salts are foot j and especially if some Spirits of wine are added' tthttaj uoixMfe, 
the double platinum salt is slowly deposited in large broad four-sjded.ftritWB- F> 'libeee 
prisms.are* Very. thin, having two broud fSides aftd two veu*y narrow ones.' 'Tfbeytfcre 
usually united together at the one extremity, white the other Is square and regular*! 
The double hydrochlorate of fucusineiand pkti»i»w> does-uot at«H resewhje.innp^ 
pearance the corresponding salt of fnrfurjne, which ,, as formerly stated when crystal¬ 
lized out of weak spirits, forms long needle-shapetl crystals like those of carbazotate 
of potMl. 

0 3/33 grin, salt dried in vacuo, gave 0*5l'S'cartimhic'&eW and'O'109HO. 

0*6595 grm. salt dried in vacuo, gave. >0*650 chloride of platinum and ammonia 
=0*4085 nitrogen. 

0*640 grm. salt dried in vacuo, gave 0*580 chloride of silver=0*1434 CL. 

I. 0*416 grm. salt gave 0*086 platinum =20*67 per cent. 

II. 0*5025 grm. salt gave 0*1035 platihui*=20'58 per cent. 

III. 0*409 grm. salt gave 0*840 platinum=i!0*59 per cent. 
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Calculated numb£ft. 

Found numbers. 

30 C 

2250*0 

37*97 

37*84 

13 H 

162*5 

2*74 

3*21 

6 O 

60Q;p 

iqu2 

9*70 

?N 

(T ^ 

350*0 

5*90 

6;18 

3 Cl 

1329*0 

22*45 

22*40 

Pt 

1233 5 

2082 

.a? .n i 

20 6/ 

--1- . 


5925*0 

100*00 

100*00 


The formula of the double platinum salt therefore is C M II 12 N,, O c -f-IICl+PtCI 2 . 


The Acid Oxatate of fucusine. 

This salt may be pretty readily prepared from crude fucusine by digesting it with 
an excess of oxalic acid. The hot filtered solution deposits, on cooling, the acid oxa¬ 
late in long needle-shaped crystals arranged in 'stars. These crystals are usually 
coloured at first, but by repeated digestions with animal charcoal they are rendered 
colourless, when they have a silky lustre!. They are not very soluble in cold water, 
hut readily dissolve in boiling water and in hot spirits. Their solution is distinctly 
ucid to test-paper. 
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>0*3165grm.>salt dried in vaato, gave 0*664 carbonic acid and 0112(3 haler'. •' 

0*336 grin. salt dried in vacuo, gave 0*419 double chloride of Pt and ammonia. 

Culral&ted number*. Found numbers. ‘ 

C 34 57*01 67*08 

H 14 4*06 4*29 

N 2 7*74 7*82 

O 14 31*19 30*88 

• _ _ 

10000 100 00 

The formula of this salt therefore is C*, H 12 N 2 0 6 +2C a O3+2HO. It is the binoxa- 
late of fucusine with two equivalents of water. The neutral oxalate is much more 
soluble than the acid salt, but the crystalline form of both salts is the same. 

The perfect isomerism which subsists between furfurol and fucusol, extending as it 
does to the products of their decomposition, is certainly not a little astonishing, and 
may perhaps induce some chemists still to regard them as identical substances. I was, 
in fact, for a long time inclined to the same opinion, and it was only after a careful 
comparative examination of both oils, and especially of their respective bases, that I 
was led to conclude that they are only very analogous, but not identical compounds* 

Oil from Moss. 

A quantity of common Sphagnum was digested in a distilling apparatus with dilute 
sulphut ic acid, exactly in the way already so fully described. It yielded a considerable 
quantity of an oil, which, so far as I could judge, is identical with fucusol. It formed 
amide with ammonia, which, when it was boiled with an alkaline lye, yielded a similar 
difficultly crystallizable base, whose double platiuum salt crystallized in the same thin 
flat prisms as those of fucusine. 

Oil from Lichens . 

A quantity of Lichen Islandicum , along with several species of Usnea , Iiamalinia 
fraxinea, &c.,were also digested with sulphuric acid. They yielded an oil which ap¬ 
peared to be identical with fucusol, judging from its characters and those of its amide, 
base and platinum salt. 

Oilfrom Ferns. 

The common fern, Pteris aquilina , when digested with sulphuric acid, also yielded 
an oil which formed an amide and a base, crystallizing readily in long slender needles, 
closely resembling those of furfurine. I felt at first much inclined to regard this oil 
as identical with furfurol, but as the double platinum salt of its base does not cry¬ 
stallize in the same form as the corresponding salt of furfurine, but in broad flat prisms, 
I strongly suspect that it is different from both fucusol and furfurol. 

The results of the preceding investigation, imperfect as they confessedly are, seem 
to me to indicate some curious botanical relations; for it appears highly probable 
that the matiere incrustante, or some such principle, is the same in all phanerogamous 
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plants, as k yields an identica l productofdecompoeUMm^ vie. farfurol when it is di¬ 
gested with sulphuric or muriatic acids. , 

The matibre incrustante in Fuci,on the other hand, though analogous, appears to be 
not identical with the corresponding principle in phanerogamous plants, as it yields 
fucusol instead of furfurol *, and this seems also to be the case with the matiire incrus¬ 
tante of mosses and lichens, both of which families approximate much more closely in 
their botanical structure to the Algae than to ordinary phanerogamous plants. As 
might almost have been expected, therefore, both mosses and lichens appear to yield 
fucusol, or at any rate an exceedingly similar oil, which is certainly not furfurol. 
Ferns, on the contrary, whose woody structure differs from that of either mosses, algpe, 
or lichens, and approaches pretty closely to that of ordinary phanerogamous plants, 
appear to yield an oil with properties intermediate between those of furfurol'and 
fucusol. 

^ \ 

Note received September 4, I860, from Professor Miller of Cambridge. , 

1 consider it very probable that the crystals of nitrate of fucusine do not belong to 
the prismatic system, but are twin crystals of the oblique system. The faces of the 
form s are however too imperfect to settle this point. 

The angles between normals to the faces are,— 

ma 47 52 
mm' 84 16 

I have re-examined the crystals with all possible care, but cannot pretend to correct 
the angles which the faces of the forms s, u make with each other, and with the faces 
of the forms a, m. 

Corrected angles between the normals to the faces of nitrate of furfurine (not from 
solution in alcohol) are,— 

O i 

ea 71 5 

ee 1 37 50 
nb 47 54 
tb 65 41 
ab 90 0 
mi 1 84 12 
tf 48 18 
sa 72 44 
si 34 32 
sb 60 16 
si 47 28 
if 60 0 

The values of the angles between the faces of the form s are very uncertain. 
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Opake Crystals of Nitrate of Furfurine. 

Crystals obtained from a solution in alcohol, which effloresced readily, and became 
in consequence opake. 

vf Hiese crystals belong to th^ anorthic system. v ‘ ' v ^ f \ / / 

The symbols of the simple forms are,—* 100 , r 016 , x OOl, n 011 ,« 101 , e 114tfl 111 . 
The angles between normals to the faces are,-*- 
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XXIV. On the Development and Homologies of the Molar Teeth of the Wart-Hogs 
(Phacochoerus), with Illustrations of a System, of Notation for the, Teeth iri 'the 
Class Mammalia. By Professor Owen, F.R.S. fyc. * 

Received November 12, 1 $4 9,-yR^ad, February 7, 1850. 

In a paper by Everard Home, Esq., read before the Royal Society, May 30, 1799, 
some observations were communicated upon the form, structure and succession of 
the teeth of the Wart-Hogs of Africa, now included in the genus of the Hog-family 
called Phacochoerus , but noticed in that paper as a single species under the name of 
Sus JEthiopicus. The observations are illustrated by two plates. The first (tab. xviii.) 
gives “a side view of the skull of the SusfEihiopicus (half the natural size), to show 
the situation and appearance of the large grinder, and the remains of the alveoli be¬ 
longing to the fangs of the preceding one*.” The second (tab. xix.) gives a “ side view 
of the skull of the young Sus jEthiopicus, to J show the inode in which the grinders 
come forward as the large one increases in size-)" ” This plate includes also a side 
view and a transverse section of the crown of the large full-grown grinding tooth. 

The conclusions drawn from the facts given are* that the Sus jEthiopicus resembles 
the Elephant “ in the whole number of grinding teeth belonging to each side of the 
jaw being confined in a case of bone, so as to form one large grinding surface, and 
the teeth being pushed foiward from behind, instead of a second set being formed 
immediately under the fangs of the first, as in other animals; which are peculiarities 
not met with in any teeth hitherto described, except those of the ElephantThe grind¬ 
ing teeth of the Sus fEthiopicus are described to be u four in number on each side of 
the jaw”§ ;.... the fourth or last large tooth is considered to be a second set of teeth, 
which, as it advances forwards, pushes the other teeth before it;....“ the most anterior 
of these, as soon as its body is worn away, has its fangs removed by absorption and 
drops out: the same thing takes place with the second and third; and, in this way, 
room is made for the large one to supply the place of all the others||.” The inode in 
which they succeed one another is stated to be illustrated by the side view of the jaw 
given in tab. xix., in which the fangs of the different teeth are exposed. 

I have shown in my ‘Odontography’ % that the facts detailed in Home’s paper were 
insufficient to enable him to explain all the necessary circumstances respecting the 
curious mode of dentition of the Wart-Hogs; that other stages of dentition, unknown 
to that author, had demonstrated a second set of teeth formed under the fangs of some 

♦ Philosophical Transactions, 1799, p. 256. t Ibid. p. 257. } Ibid. p. 247. 

§ Ibid. p. 250. II Ibid. p. 250. f Vol. i. p. 554. 
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of the first set, or above them in the upper jaw; and also that the subsequent shed¬ 
ding of the teeth in advance of the last large grinder was not in the order in which 
they are pushed out in the Elephant, the Wart-Hogs deviating very remarkably from 
that and all other quadrupeds in this respect. 

In the course of subsequent researches and comparisons, I have determined the 
original specimens in the British Museum and that of the Royal College of Surgeons, 
which were drawn and engraved to illustrate Home's paper, by which I have ascer¬ 
tained that the drawings were taken from two distinct species of Phacochoerus ; and 
I have been able to detect certain inaccuracies in the reduced figures in the engravings, 
which give countenance, not afforded by the specimens themselves, to the ideas of 
the mode of succession of the teeth described in Home’s paper. I propose, therefore, 
to give a more precise description of the subjects of the beautiful engravings, tab. 
xviii. and xix. of the Philosophical Transactions for 1799, and to add the additional 
facts and illustrations of the peculiarities of the dentition characteristic of the two 
species of Wart-Hog, and which determine the true number, kinds and succession of 
the grinding-teeth in both species. 

Tab. xvii. (Philosophical Transactions, 1799) gives a view of the skull of an old Pha- 
cochoerus JEliani, Van der Hoeven, the common species of Nubia, Abyssinia, Senegal 
and Cordofan, and sometimes called the North African Wart-Hog. It is well charac¬ 
terized by having, when fully grown, six functional incisors in the under jaw and two 
incisors (i. 1.) in the upper jaw, together with forms and proportions of the other 
teeth, which will be subsequently adverted to. The characteristic incisors are suffi¬ 
ciently indicated in the figure; the large posterior grinders are alone retained in the 
molar series of both jaws. 

Tab. xix. fig. 1 (Philosophical Transactions, 1799) gives a view of the cranium of 
a younger individual of the Phac. Pallasii, Van der Hoeven, the Wart-Hog most 
common, though not peculiar to the Cape and the Guinea coast districts. The molar 
teeth which are exposed in this figure are, taking them from before backwards, the 
last premolar, the symbol of which is p 4; the first true molar, m 1; the second true 
molar, m 2; and the last true molar, m 3. 

The teeth are drawn somewhat reduced in size, but not in a just proportion to the 
reduction of the size of the cranium and of the upper tusks; nor are the relative 
lengths of the crown and fangs correctly given. The crown of the first true molar, 
e. g., is represented of the same length as that of the fourth premolar which precedes 
it, and nearly of the same length as that of the second true molar, whereas in the 
original specimen it is much shorter in consequence of having been longer in use. 
Had the differences which these teeth actually show in the extent of the abrasion of 
their respective crowns been appreciated and duly considered, it might have excited 
the suspicion that the second tooth, with an almost exhausted crown and much- 
absorbed fangs, would be shed before the first tooth, the summit of whose long, obtuse 
and cement-covered crown had only recently been subject to the wear of mastication. 



AND A DENTAL NOTATION. 483 

The grinder, which is the subject of figs. 2 and 3, tab. xix., is the last molar from 
the right side, lower jaw, of the Phac. JEliani, of the natural size. 

To determine whether any suecessional teeth were developed above or beneath the 
fangs of pre-existing teeth destined to be displaced by such development, in other 
words, whether a true deciduous series and a premolar series of teeth existed in the 
Wart-Hogs, required an examination of the jaws of an individual younger than the 
youngest specimen examined and figured by Home. 

The subject of Plate XXXIII. fig. 1 of the present communication is of the required 
immaturity, and, with the other specimens to be described, supplies those links in 
the series which were wanting for the explanation of the entire course of the truly 
remarkable dentition of the genus Phacochosrus . 

Fig. 1 shows a side view of the teeth in the young Phac . jEliani ; the grinding 
surface of the molar teeth in use is given, from the upper jaw in fig. 2, and from the 
under jaw in fig. 3. These teeth include all the milk-molars which are developed, 
together with the first permanent true molar. The milk-molars are 3—3 in number 
in the upper jaw, and 2—2 in the lower jaw. The first true molar, m 1, is also fully 
developed and in use in both jaws. The summit of the second true molar (m 2) is 
just appearing above the socket. 

The length of the skull exhibiting this instructive phase of dentition is 10 inches. 

The milk-molars answer to the teeth of the typical dentition symbolized by d2, rf 3, 
and d 4 in the upper jaw, and to d 3 and d 4 in the lower jaw. 

The first is implanted by two fangs, the second by three, the third by four fangs; 
the shape of these teeth is sufficiently illustrated by the figures. 

Their rate of increase in size from the first to the last is considerable, yet not equal 
to that manifested in the true molars. Upon examining the substance of the jaws 
above the deciduous molars of the upper jaw and beneath those of the lower jaw, two 
formative alveoli and the trace of a third were detected in the upper jaw, one above 
d 4, containing the crown of a premolar; the other above d 3, and the rudimental 
cell above d 2. The matrix, which the latter might have contained, had not begun 
to be calcified. A small formative socket was found beneath the last milk-molar of 
the lower jaw containing the crown of a premolar. The gubernacular canal from 
this socket opened between the fangs on the inner side of the milk-tooth. A second 
still smaller socket of an anterior premolar was beneath the interspace between the 
two milk-molars. 

The true nature of the molar behind the milk-teeth in both jaws was plainly shown 
by its long fangs extending beyond the parallel of the formative sockets of the suc¬ 
cessors of the milk-teeth, and widely open at their ends: this tooth has no vertical 
successor and is the first true molar, m 1. Only the crown of the second true molar 
(m 2) is formed at the stage here described; and a few detached columns of the still 
larger and more complex third molar (m 3) were all that were calcified in its com¬ 
mencing formative alveolus. 


3 Q 2 
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In noneof the other members of the Hog fhmffly is the first true moke (iml) so 
much wortt down at the corresponding early stage of development of the second true 
molar, and it is upon this precocious growth of the first true molar that thfe’ chief 
peculiarity of the order of shedding of the teeth of the Phacochceri depends. 

<Iq the Phae. JEliani, the penultimate and last milk-teeth (d 8 , A 4) in the upper jaw 
are displaced and succeeded by corresponding premolars, which therefore answer to 
p3 and p 4 of the typical series. The anterior small milk-grinder, d 2 , is sometimes 
succeeded by a minute premolar, but occasionally this is abortive, or absorbed before it 
outs tbe gum. In the lower jaw both milk-molars (d 3 and i 4) are succeeded by; the 
corresponding premolars p 3, p 4, at least in the Phac. JEliani. 

The stage of dentition of the Phac. JEliani, given in figs. 1 , 2 and 3, corresponds 
with that in the common Hog, illustrated by the teeth in the lower jaw in Plate XX. 
fig. 1 of tbe Philosophical Transactions for 1801. In that figure tbe last grinder in 
place is the first true molar, m 1 ; the penultimate is the last milk-molar, d 4; the next 
is d3, the next d 2 ; and a little in advance of this, between it and the rudimental 
canine, is the small anterior premolar, p 1 . The germs of the other premolars, p 2, p 3 
and p 4, are shown in their formative sockets beneath the deciduous teeth they arc 
destined to replace. 

If the symbols above given be marked upon the teeth in the figure cited, the homo¬ 
logies of those in the reduced dentition of the young Wart-Hog will be readily appre¬ 
ciated. The teeth developed in the lower jaw of that species are,— d 3, d4, p 3, p 4 
and m 1: in both jaws m 2 has only its crown developed, and m 3 only the commence¬ 
ment of its crown. The teeth which are suppressed in the Phac. JEliani are, in the 
lower jaw, d 1 , d‘2, p 1 and p 2 . In the upper jaw d l and p 1 are suppressed, and 
sometimes also 2 . 

The next stage of dentition (Plate XXXIV. figs. 4 and 5) shows the shedding of tbe 
deciduous molars to be concomitant with the coining into place of the second true 
molar, m 2 ; it is well illustrated in the cranium of a young Phac. JEliani from Senegal 
in the Museum of Comparative Anatomy in the Garden of Plants: in which each of 
the three deciduous molars of the upper jaw have been succeeded by a premolar 
{p 2,p3,p 4, fig. 4), and the same with regard to the two deciduous molars in the 
lower jaw (p 3, p 4, fig. 5). The anterior angle of the crown of the last huge molar 
has also begun to protrude from the formative alveolus, so that the permanent or 

second molar series now shows ^Tg=22, which is the greatest number of grinders 

presented at any given time in the genus Phacochasrus. The first true molar, m 1 , is 
however worn to near the fangs, and its grinding surface, as compared with that in 
Hate XXXIII. fig. 2 , begins to be simplified. The homologies of the teeth at this 
period are indicated by the symbols attached to them in the figures. 

The stage of dentition of the young Phac. Pallasii , figured by Home in tab. xix. 
of his memoir, is a little more advanced than that of the Phac. Pallasii above de- 
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scribed; but although scarcely half the grinding surface of the last molar, m 8, has 
come into use, all the premolars in advance of the last, p 4, have been shed, Plate 
XXKIV.' fig.* 8. 

In the spboimeti of Phac. 'JEttani, of which the grinding surface of the teeth is 
figured m Plate XXXIV. figs. 6 a«d 7 of the present memoir, although the major part 
of tbe last large grinder is in use, the penultimate premolar (pS) is retained as well 
as the last (p 4); The molar series here shows5—5 in the npper jaw and 4—4 in the 
lower jaw; their homologies are indicated by the symbols attached. By reason of 
the precocious development of m 1, we now find it quite worn down to the fangs; and 
in the lower jaw (fig. 7) it is wedged between p 4 and m 2 into a space which is two- 
thirds less than the antero-posterior extent of the Crown of the same tooth shown in 
the younger specimen (Plate XXXIII. fig. 2). The reduction of size of m 1 is however 
quite intelligible by observing the much-constricted neck from which the long fangs 
are continued in that specimen (see m 1, fig. 1). 

The figures of the grinding surface (figs. 6 and 7) suffice for the characteristic 
forms of the grinding-teeth now in use. 

The specimen of Phac. JEliani (No. 773. Mus. Coll. Chir.) shows the last remnant 
of m 1 wedged into the diminished interspace between p 4 and m2, and the corre¬ 
sponding interspace in the lower jaw, from which such remnant of the first true 
molar has been shed. 

The skull of an older Phac. JEliani (No. 772) shows the displacement of the first 
true molar in both jaws and the reduction of the molar series to ; the teeth 

being p 3, p 4, m 2 and m 3 above (fig. 0), p 4, m 2 and m 3 below (fig. 10). There is 
no vacuity now in the scries to show a true molar to have been shed, as it has 
been in so unusual an order. 

The next stage of dentition which I have observed in this species is the loss of the 
anterior premolar p 3, and the great wearing down of m2 (fig. 11), and in one in¬ 
stance in the lower jaw m 2 was shed before p 3. 

The skull of a male Pliacochccrus in the British Museum*, from the Cape de Verd, 
measuring 16 inches 6 lines in length, with the incisors of the Phac. JEliani, viz. 

•£TS> an< ^ M ,e same broad and shallow posterior channel upon the canines J—j, shows 

the same numerical molar formula as No. 772, but the teeth are different in the upper 
jaw, they are p 3, p 4, m 2 and m3; in the lower jaw they are p 3, p 4 and m 3; both 
first and second true molars being shed in this jaw, whilst the last two premolars are 
retained. 

In the skull of a female Pliacochccrus, 13| inches in length, from South Africa, in 
the British Museum, but with the incisive formula of the Phac. JEliani, the molar 

* The term Phacocharus jEthiopicus is retained for the species represented by this skull in the British 
Museum. 
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series is p i, m ; the teeth in both jaws being p 4, m 2 and m 3: here the penulti¬ 
mate premolar has been shed before the penultimate true molar, the socket of which 
however alone indicates it in the lower jaw. 

In a still older specimen, p 3 and m 2 have been shed in both jaws, and the dental 

series is reduced to ~5|; the teeth being p4, m3 on each side of both jaws (fig. 12). 

Finally, p 4 is shed, and only the great posterior molar remains, as in the old Phac. 
JEliani figured in tab. xviii. of Home’s memoir. 

It is interesting and suggestive thus to observe that an analogous duration or lon¬ 
gevity, so to speak, characterizes the last tooth of both premolar and true molar 
series; an analogy so little to be expected from their different size and widely differ¬ 
ent original position in the jaws, by which characters, Home, not sufficiently extend¬ 
ing his observations and trusting to the analogy of the £lephant, was misled. 

With respect to the Phac. Pallasii, my opportunities of tracing the course of 
dentition are not so extensive as with regard to the Phac. JEliani. I have observed 
none younger than the specimen figured by Home (tab. xix.), and am not acquainted, 
therefore, with the characters of its deciduous dentition. 

All the four teeth on each side of the upper jaw of that specimen, and there are the 
same number in the lower jaw, belong to the permanent series; tracing them from 
before backwards they are p 4, m I, m 2 and m 3 in both jaws. The homologue of p 3 
in the upper jaw of Phac. JEliani, if it be developed, is sooner shed in the Phac. 
Pallasii than in the Phac. JEliani. From the defects that have been pointed out in 
Home’s reduced figures of these teeth, more accurate views of them of the natural 
size may be acceptable, especially as they have not been elsewhere represented. I sub¬ 
join, therefore (Plate XXXIV. fig. 8 ), a side view and a view of the grinding surface 
of each. These figures, also, preclude the necessity of verbal description. I will only 
state that p 4, in the upper jaw, is implanted by three fangs, and is relatively smaller 
than its homologue in Phac. JEliani: p 4 in the lower jaw offers corresponding dif¬ 
ferences with its homologue in Phac. JEliani ; m 2 has a narrower crown in relation 
to its antero-posterior extent than in Phac. JEliani ; and a similar and more com¬ 
pressed form distinguishes the third molars in both jaws of the Phac. Pallasii. In 
the skull of a female Phacochcerus, called ‘ Haruja,’ from Caffraria, in the British 
Museum, which differs from the typical Phac. ^Eliani of North Africa in having only 
two incisors in each ramus of the lower jaw, the following is the dental formula 

. 1-1 1-1 2-2 2-2 
*2—2’ C l — l’^l — 1* m 2—2 1 

the grinders of the upper jaw are p 3, p 4, m 2 and m 3: those of the lower jaw are 
p4,m2 and m 3. The first true molar has been shed, and its place obliterated in 
both jaws. 
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There is a staffed skin of this species which shews the same number of incisors, 
viz. 

I have seen no stage of dentition of the Phac. PaUasii corresponding with figs. 6 
and 7 of Phac. JEliani. The next example, after the stage figured by Home, is 
shown in a skull from the Guinea Coast, in which the grinding series includes 3—3 
in both jaws, like that in the upper jaw of the Phac . Pallasii and lower jaw of the 
Phac. JEliani , figured in ‘Les Dents des Mammif&res’ of M. F. Cuvier, Tab. 87* 
These teeth, in each case, are p 4, m 2 and m 3 on each side of both jaws. In the 
specimen before me,jo4 is much worn, and is pressed into close contact with m2- 
The anterior half of the grinding surface of this tooth is worn down to the common 
dentinal base, and both the anterior and posterior surfaces of the crown are excavated 
by the pressure of the two contiguous teeth, as in fig. 10. That a large grinder, like 
m 1, figs. 4,5 and 6, should have been interposed between the first and second grinders 
in the specimen here described, could never have been suspected without a knowledge 
of those earlier stages of the dentition of the genus which have been described. 

Baron Cuvier describes the molar teeth of the Phacochere as being three on each 
side of both jaws in the 4to edition of the £ Ossemens Fossiles’ (1822)*, and the 
same numerical formula is retained in the posthumous 8vo edition of 1834-f\ With 
regard to the inode of succession of these teeth, the Baron adopts the conclusions of 
Sir Everard Home ; and in both editions of the ‘R&gne Animal,’ after noticing the 
similarity of composition of these teeth with the grinders of the Elephant, he adds 
that they, in like manner, succeed one another from behind forwards:};. 

His brother, M. Fr. Cuvier, adopting the same view in the ‘ Dents de Mamraif&res/ 
describes the dentition of the Wart-Hogs as differing altogether from that of the 
rest of the Hog-tribe. “ Nous void arrives,” he writes, “ a un systdne de dentition 
tout h fait different de celui des sangliers” (p. 213): he adopts the specimens repre¬ 
sented in the pi. 87 above cited, and describes the figures of that plate as exempli¬ 
fying the normal adult dentition of the genusThe anterior of the three grinders 
is described as the ‘premi&re macheli&re’ (p. 214); and the second as e la seconde 
mfichelifcre,’ the latter being said to be composed of four tubercles, which by usage 
present four little elliptical or circular figures surrounded by enamel. And this, 
indeed, is the case at the extreme stage of attrition which he has figured; but, at an 
earlier period of usage, the crown of the tooth presents ten of those enamel-girted cir¬ 
cular or elliptical islands of dentine, surrounding two, three, or four median ones (figs. 
4,5,6, m 2). The last large molar presents twenty-five of these islands in the upper 
jaw in three linear series, nine being central, and twenty-six in the lower jaw, nine 

* Tom. ii. p. 128. t Tom. iii. p. 235. $ Tom. i. p. 244. 

§ In this he is followed by Lesson (Manuel de Mammalogie, p. 340), Fischeb (Synopsis Mammalium, 

3—3 

p« 423) and other systematic mammalogists, who assign molars ^ as one of the characters of the genus 
Phacochoerus. 
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also being central, and the islands smaller and more regularly disposed. This tooth 
extends to within one or two lines of the thin compact inferior bony wall of the deep 
ramus of the jaw, where the constituent columns terminate in the basal openings of as 
many pulp-cavities, with the exception of the first four, which are blended together, 
and from which no root has begun to be developed. It is therefore plain that this 
large and singularly complex grinder will continue to serve the purposes of mastica¬ 
tion long after the shedding of the molar in advance, and the substance of which is 
already wasting away by the pressure of the larger tooth. We shall see, in the next 
specimen, that that molar is actually worn away and shed, whilst the smaller grinder 
in advance of it remains. 

In the lower jaw of the specimen (No. 775 A.), the gum has grown over the sockets 
of the second true molar between the persistent remnant of the fourth premolar and 
the third true molar. In the upper jaw the last remnant of the second true molar 
remains on the right side, the crown having been worn to its base and the fangs 
absorbed. 

Thus, in the Phac. Pallasii, as in the Phac. JEIiani , the last of the premolar series, 
like the last of the true molar series, is distinguished by its longevity, although infe¬ 
rior in this respect to the large true grinder which continues to do the work of mas¬ 
tication to the end of the animal’s existence. 

The analogy of the Phacocheres to the Elephants in the superior size, complexity, 
and duration of the last grinders is close and interesting; but it does not extend to 
the horizontal mode of succession, in other words to the absence of preinolars or 
vertical successors of deciduous teeth, as Home led Cuvier to believe. In the deve¬ 
lopment and succession of these premolars, and in the shape, proportions and posi¬ 
tion of the true deciduous teeth, the Wart-Hogs much more closely and essentially 
agree with the rest of the Suidve. They differ, however, as we have seen, in the infe¬ 
rior number of both milk-molars and preinolars which are developed, and in the 
speedier loss of all the true molars in advance of the last large one; but, in the order 
of shedding of those teeth, more especially in the very early displacement of the first 
true molar, and the total obliteration of its place in the series by the approximation 
of the last premolar to the second true molar, and in the subsequent displacement of 
this tooth with the approximation of the last premolar to the last true molar, the 
genus Phacochosrus is quite peculiar and different from all other Mammalia. 

The author, who first called the attention of naturalists to the peculiarities of the 
dentition of the Phacochocri , has indicated another difference between the Wart-IIog 
and the common Ilog, by affirming that the latter has a molar tooth developed 
behind the third true molar, at least in the lower jaw; which, if it were so, would 
have shown the common Hog to differ, also, from almost every other placental 
mammal with two sets of teeth*. In the description of Plate XX. of the Philoso- 

* The Megalotis Lalandii is the only example, as far as I have observed, of the constant occurrence of four 
true molars on each side the lower jaw : the typical number three being retained above. 




pbical vfof sfates^bat “$g,j3 ; reprqsqpt* the jaw \n a $tjill 

.fvwM*nw4 #&ge <$ wMMbfr 

#ecouU Ipm now canae to iu fidl siz^ tuad i|i T pi^er jdacc^n the row pf tect^: 
thereto also anew cell formed for 9 sucqediag tooth * ” , ( Tb$ original specimen from 
whiebthqfigureto taken is preserved in the Hunterian Cdlqction, and it show$ that 
the sppposed formative cell is pne of a, series of tbe meduJlary cqUs of the cancellous 
structure of this part of ttye jaw; it is itself suh d wded intp smaller cellf> and jis^npt 
a simple cavity like the/true cell of a forming: tooth* It is also represented of tw^ee 
its natural size in the figure cited, not having been reduced in proportipn to thp other 
parts of the jaw. ^ . n ,’J; fi; 1 

The latest author on the subject of the dentition of the Ph(xcochceri, has ascribed 
to that part of their structure a character which would have added a still more re*- 
markable anomaly to it, viz. that the last true molar represents both that tooth and 
the penultimate one in the Wild Boar and other herbivorous mammals*}*. 

To this conclusion M. de Blainville was necessarily led by his determination of 
the antecedent teeth. Thus in a Phacochasrus with the dentition answering to that 
represented in figs. 4 and 5 of the present memoir, he regards the teeth marked p 3, 
p 4 and m 1 as belonging to the deciduous series, ‘ dents de laitj,’ and the rest as be¬ 
longing to the second dentition; p 2 being described as a small, speedily lost, false 
molar, m 2 as the first or antepenultimate true molar, and m 3 as the penultimate and 
last true molars, “ already blended together, although not yet protruded from their 
formative alveolus 

With regard to the five teeth in the lower jaw, the first, p 3, is described as the first 
tooth of the second dentition; the two following, p 4 and m 1, as milk teeth; the 
fourth, m 2, as the antepenultimate molar of the second dentition, and the last,m 3, as 
the penultimate and last molar coalesced. The dentition ascribed to the adult JPAaco- 
chverus is that phase which is illustrated in figs. 9 and 10, Plate XXXIV. of the pre¬ 
sent memoir, of which the numerical formula is =14. M. de Blainvidle, struck 

by the resemblance in the degree of attrition which the molar, m2, presents to the 
antepenultimate molar, m 1, in the adult common Hog, deems them homologous, and 
deduces from that resemblance another argument for the homology of the last great 
molar of the Phacochere with the penultimate and last molars combined of the Hog ||. 


♦ Philosophical Transactions, 1801, p. 331. 

t Ost6ographie des Ongulogrades, Hippopotamus and Sms, 4to, 1847. t Ibid, p. 148. § Ibid. p. 148. 

|i ** Mais quelle est la signification de cette dent par rapport h, ce qui existe chez la sanglier ? C'est la une 
question qui, malgre son intgr&t, n'a pas m6me encore 6t<5 soulev6c. 

** J'ai cru un moment qu’on pourrait la consid6rer comme reprdsentant les trois arriere-molaires qui se seraient 
soudles de mani&re & n'en former qu’unc, les trois molaires qui la pr6cfcdent 6tant alors celles de remplacement. 
Cette fa$on de voir 6tait surtout appuyde sur la composition de cette dent & la mandibule oh Ton peut voir dans 
les cannelures latdrales des separations plus marquees, paraissaut indiquer l’antlp&iulti&me, la penultuime et la 
dernifere avee sou talon. 

** Mais en r6fl6chisaant sur le caract^rc serial des espfcces de ce genre, il m'a sembld qne cette opinion devait 
MDCCClt* 3 R 
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But bad tbe preceding stage of dentition, which is represented in fig* 7* Plate XXXIV., 
presented itself to the observation of M. de Blainville, that acute observer would 
doubtless have seen that m 1,—the true homologue of the much-worn antepenulti¬ 
mate molar of the common Hog,—presented the same abraded condition. And tbe 
actual difference is as follows, viz. that, owing to its earlier development in the Pha- 
cochoerus , the true antepenultimate molar, m 1, is sooner worn out and shed; whilst, 
from the very long period during which the last molar is adapted to perform the 
work of mastication, the penultimate molar, m 2, undergoes the saute exhaustive 
usage and premature expulsion. 

I have figured in parallel juxtaposition the molar series of a Phacochere and a Wild 
Boar, in plate 141 of my ‘ Odontography,’ to illustrate the corresponding extent of 
abrasion in the first or antepenultimate true molar (wl) at the period when the last 
true molar has come into place in the Wart-Hog, and when two of the premolar 
series are retained; and I have indicated my conclusions as to the signification or 
homology of each of the teeth by the symbols, the aptness and exactitude of which 
all my later researches have convinced me of. With regard to the deciduous teeth of 
the Phacochere and other diphyodont mammals, I may remark that there is but 
one mode of determining and of distinguishing them from the premolars and true 
molars of the second dentition, in cases where some of the latter are obviously pre- 

g_g 

sent, as in the young Phacochere with a grinding series of (see figs. 4 and 5) or 

of (as in Plate XXXIII.): that mode is to excavate the substance of the jaws 

above the fangs of the upper teeth and beneath those of the lower ones, as in tbe 
skull represented in Plate XXXIII., and in the lower jaw figured in my c Odonto¬ 
graphy,’ pi. 141, fig. 1*. The deciduous tooth is demonstrated by the formative 

tec modifi6e, et que dans cette dent il ne fallait voir que les deux dernites, et alors la tcrminale aurait son 
talon dans la proportion convenable. 

" Ce qui xnilite encore en faveur de cette maniere devoir, c’est que la dent sur laquelle porte davantage 
l’usure dans le sanglier, r&nt£p£nulti&me ou cinqui&me, a son analogue chez le sanglier d’Etluopie dans la dent 
qui precede la dent complexe, et qui serait en effet l’antdpenulti^me, celle-ci reprdsentant la p^nultieme soudde 
it la demite.— Loc. cit. p. 14S. 

* “ Le syst&me dentaire de cet animal a 6t6 fort incompletement figure sans description par Ever a an Hove 
(L ect. on Comp. Anatom, t. 11. pi. 38 et 39), M. G. Cuvjkb lui a consate un court paragraphe (Ossem. Foss, 
t. 11. p. 132, sans figures), et M. Owen s’est born6 k reprtenter la couronne dcs molaires supdrieures du c6t<$ 
droit (Odontographie, pi. 140, fig. 31), mais personae n'en a soup^onn^ la signification.” M. ns Blainville 
had overlooked pi. 141, where that signification is given : but he adds in a supplementary note,—*' 11 relte, 
comme inexacte, ^assertion deM. Ruppell, que dans tous les individus des deux sexes, jeunes et adultes, il y a 
qu&tre molaires en liaut et trois en bas ; et en effet il en ddcrit uue de plus, en reconnaissant que dans la pre- 
mite dentition il n'y en a que trois k la machoire et deux k la mandibule. Du reste M. R. Owen accepte la 
distinction spdcifique du 5, uEliani et du S, Pallasii; le premier pourvu et le second ddpourvu de dents incisives, 
mais sans autres difftences vraiment specifiques.” If, however, the difference cited be of specific value, as M. de 
Blainville seems here to admit, others were not needed for accepting the conclusion. I may, however, add 
that the upper canines of the Phac. Pallasii have the groove on their upper surface narrower than in the Phac. 
JEliani , and that the premolars are relatively smaller. 
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socket containing the germ of its successor in a vertical line with it; this is more 
especially the case with the last or hindmost deciduous tooth, because the hindmost 
premolar, its successor, is late in coining into place, and the contiguous true molar, 
which is always formed much sooner, is characterized by its deeply implanted 
fangs, and by the absence of any formative socket in vertical relation to them* 
Without the dissection of the jaws figured in Plate XXXIII., I could have had no 
true or scientific knowledge of the nature of the teeth there symbolized. As I 
availed myself of symbols to denote the signification or homology of the teeth of the 
Phacockoerus in my * Odontography* (pages 549 to 557, pi. 140, 141), I shall sum up 
or indicate in the same way the results of the additional observations recorded in 
the foregoing pages. 


Phase 

I 


Phases of the molar series of the genus Phacochoerus. 

, vyvitt 5 ~ 5 • (d2 f d3 9 d4 9 ml 9 m2. 

Plate XXXIII. t 5 viz. < ,. 

4—4 Jrf3, d4> ml, m2. 

„ ™ , jr 6 ~ 6 • I>2,j»3,jp4, ml, m2, m3. 

II. Plate XXXIV. figs. 4 and 5, ^ «. ^ ^ ^ m2> J 

III. Plate XXXIV. figs. 6 and 7, viz. \ P *» P w *’ m ** m 3 * 

b 9 4—4 |j>4, ml, m2, m3. 

IV. Plate XXXIV. fig. 13 ( Phae . PaUasii ), ~ viz. p 4, m 1, m 2 , m 3. 


V. 


Plate XXXIV. figs. 9 and 10, 


4—4 . f p 3, p 4, m 2, m 3 
3—3 V1Z * 4, m 2, m 3 


/ f/>3,/>4, m2, m3.\ 

V° r \^i3, j p4, m3. / 


VI. Plate XXXIV. fig. 11 , ?— f viz. P 4,»i2,«i3. 

O ““ tJ 

VII. Plate XXXIV. fig. 12, ~— ~ viz.p4 , m3. 


VIII. 


1-1 

1-1 


viz. m 3. 


The above symbols express, with regard to the first phase, I. e. g^ that there are 
five grinders on each side of the upper jaw, and four grinders on each side of the 
under jaw: that those above answer to the second, third, and fourth deciduous molars, 
and to the first and second permanent true molars; and that those below answer to 
the third and fourth deciduous molars, and to the first and second true molars,—of 
the typical dentition. With regard to the second phase, the symbols express that 
there are six grinders on each side of the upper, and five grinders on each side of the 
under jaw: those above answering to the second, third and fourth premolars, and to 
the first, second and third true molars; those below answering to the third and fourth 
premolars, and the first, second and third true molars—of the typical dentition. 

As to the fourth phase with four grinders on each side of both jaws, these answer, 

3 r 2 
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in both, to the fourth premolar, and to the first, second and third true molars of the 
typical dentition of the placental Diphyodonts. 

These explanations will serve to render the symbols of the remaining phases readily 
understood by those who may not have studied the principles of dental notation 
which I communicated to the c British Association* in 1848, and have more fully 
exemplified in the article ‘Teeth’ of the ‘Cyclopaedia of Anatomy and Physiology;’ 
their utility will be obvious when they are found to express, in a few lines, facts in 
Comparative Anatomy which would require almost as many pages if recounted by 
ordinary description. 

This system of anatomical notation is the practical fruit of the discovery or deter* 
mination of a type or common pattern of dentition to which the teeth of a certain 
proportion of the Animal Kingdom could be referred, and of a concomitant attain* 
ment of the power to trace a particular tooth under every modification and disguise 
of size and shape, throughout the different species of those animals. Every tooth, 
thus capable of being individualized and determined, merits and, for the purposes 
of description, requires to have a proper name, and can be signified by a symbol, 
which is still more convenient for those purposes. 

The dental system manifests this regular and determinable character in a large 
proportion of the mammalian Class; but not in any animal of inferior organization. 
Like the definition of a species, the definition of a tooth or other part of an organism 
becomes possible only when its characters are constant and definite, and is easy in 
proportion as those qualities are exalted. The definition of a mineral species is more 
difficult than that of a vegetable species, and the definition of a species of low cellular 
plant is more difficult than that of the highly organized dicotyledon. In proportion 
as wholes rise in the scale of nature or of life, their recognition and definition be¬ 
comes easier, and the like obtains also of their parts. As animals ascend in the scale 
of complexity their organs and parts become more definite; and homologies are 
more extensively, easily and satisfactorily determinable. 

We cannot point out in one species of Echinus the answerable spine of any given 
spine in another species, nor can we determine the homology of a tufted foot from 
one species of the raany-jointed Annelides to another; but in insects each particular 
leg may be determined through all its modifications of form and function throughout 
the class. So, likewise, with the teeth : the same individual tooth cannot be traced 
from fish to fish, or from reptile to reptile; the teeth in the cold-blooded classes differ 
too much in their number in different individuals, and too little in their development 
and succession, to yield the requisite characters to the homologist who keeps his 
faculty of comparison under due control. In those Mammalia, likewise, as e. g. 
the Cachalots, Dolphins and Armadillos, in which the teeth are very variable in 
number and often very numerous, but without any definite order of shedding and 
replacement, no particular tooth can be identified and traced from one species to 
another. 
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Tbe class Mammalia presents, in fact, two primary conditions of tbe dental system, 
according to which it might be divided into,— 

1st. Those that generate one set of teeth, or tbe ‘ Monophyodonts and 

2nd. Those that generate two sets, or 4 Diphyodonts-f-.* 

The 4 Monophyodonts* include the orders Momtremata and Bruta (or the Edentata 
of Cuvier) and the Cetacea vera of Cuvier. 

The Diphyodonts include the Marsupialia , Rodentia, Imectivora , Cheiroptera , Ru- 
minantia, Pachydermata , Sirenia , Carnivora , Quadrumana and Bimana. 

I would not be misunderstood, however, as proposing this difference as a basis of 
classification: such dental characters are associated with too few corresponding 
differences *of organization to lead to a natural binary division of the Mammalia. 
But, as regards the philosophy of the organs in question, considered in that class, tbe 
differences above enunciated form one of the highest generalizations, and the exigen¬ 
cies of clear and brief description require such general ideas to have their appropriate 
signs or names. 

The Diphyodont Mammals, then, are characterized by having a first set of teeth, 
commonly called the * milk-teeth* or ‘deciduous teeth,’ and a second set called the 
* permanent teeth.’ But the development of the latter, in relation to the milk-teeth, 
presents two modifications; some of the permanent teeth are found in the same ver¬ 
tical line with the inilk-teeth, push them out and take their place; others are formed 
one after another behind the milk-teeth, in what may be called the same horizontal 
line, and come into place without pushing out any deciduous predecessors. Here, 
therefore, we have certain characters from development for particular teeth, and when 
to these characters are added others of equal constancy, derived from relative posi¬ 
tion, it will be readily understood how such characters, when clearly appreciable and 
firmly maintained through a series of comparisons, should enable the homologist to 
point out the very tooth in Man which becomes the great carnassial tooth in the jaw 
of the Tiger or the great complex grinder in that of the Wart-Hog. With respect to 
the accessory characters, one of the best is afforded by the relation of certain teeth to 
the constituent dentigerous bones of the complex jaws. Implantation in the premax¬ 
illary bone, or premaxillary part of the upper jaw, e. g., characterizes the tooth called 
4 incisor,’ whatever be its shape or size; and the true and constant character of such 
tooth being thus determined, the name 4 incisor* becomes its arbitrary sign and loses 
all its primitive signification as descriptive of a particular shape or use. In like man¬ 
ner the tooth at the fore part of the maxilla, or the maxillary part of the upper jaw 
which coalesces with the premaxilla in Man, is called the 4 canine.* The molar series, 
according to the characters of development and succession above described, is divided 
into 4 milk-molars,’ 4 premolars ’ and 4 true molars.’ The two latter kinds constitute 
the adult or permanent set of molars. Now these, in the diphyodont mammals, do 

not exceed y_J=28, i. e. 6even on each side of both jaws. In the marsupial Diphy- 


* M<*m once; fvw T generate; odovs, tooth, 


f Ah twice ; (pitv and oiovs. 
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odoots three of the seven on each side of both Jaws are ‘ premolars,’ four are ‘ true 
molars/ In the placental Diphyodonts four of the seven on each side of both jaws 
are 4 premolars,’ and three are * true molars/ The exceptions, fey way of excess to this 
typical number, are few and are oonfined to the marsupial order, e. g. in the Myrme- 
cobius: the deviations from the type by deficiency are numerous, especially in the 
placental series. But to whatever point the number may be reduced, the teeth that 
are retained may be identified with their homologues in the typical series. This 
power is fortunately given by the constancy in respect of their existence of the con¬ 
tiguous teeth of the premolar and molar series, those, e. g. marked p 4 and m 1 in 
Plate XXXIII.; and by the absent teeth being taken from a definite part of each 
of those series, viz. from the fdre part of the premolars and from the beck part of 
tbe true molar series. 

The Bears and some Carnivora offer a partial exception in the occasional retention 
of p 1 when p 2 and p 3 may be absent, but p 4 is constantly present. 

Thus it needs only to determine, in any given species of diphyodont mammal, tbe 
last premolar and the first true molar, as has been done in tbe young Phacocbere, 
Plate XXXIII., in order to know the homologies of the rest. The true molars are 
counted from before backwards,— 4 first,’ 4 second,’ 4 third the premcdars from behind 
forwards,—"fourth,’ 4 third,’ 4 second,’ "first/ or as far as the series may extend. In Man, 
e. g. it stops at the third; the first and second, which exist in tbe Hog, being absent, 
but all the true molars are present. The teeth being thus determined their symbols 
can be applied to them, m 1, m 2, m 3, for the molars ,—p 4, p 3, p 2, p 1, for the pre¬ 
molars. It needs only to apply the symbols to one side of each jaw, tbe teeth being 
symmetrically repeated on the opposite side: and in most cases they are alike in both 
jaws. The right canine is the homotype of the left canine, as the right arm is of the 
left arm, agreeably with the principle of 4 bilateral symmetry:’ the first true molar in 
the lower jaw is the homotype of the first true molar of the upper jaw, as the leg is 
the homotype of the arm, in accordance with tbe law of the composition of tbe verte¬ 
brate framework of a successive series of essentially similar segments. In whatever 
direction or to whatever degree two or more of these segments may deviate from the 
type, the same elements may be discerned in them beneath those modifications, if 
the neural arch be vastly expanded, as in the cranial vertebrae of mammals, we trace 
the broad and bifid neural spine from one to the other, and recognise, e. g. the frontal 
bones and parietal bones as homotypal elements. If the diverging appendages be tbe 
seat of adaptive development, as in the occipital and pelvic vertebrae, we find the 
same plan of modification is followed, and we can trace the homotypal parts, e. g. 
humerus and femur , radius and tibia , ulna and fibula , carpus and tarsus , as also the 
homotypal ossicles in the carpus and tarsus, even when the common plan is so varied 
in such appendages, as to produce the different powers and functions which charac¬ 
terize the leg and the arm in Man. 

So, likewise, when two costal arches are converted into jaws and made to support 
teeth, we find the same laws of development so strictly followed as to enable us to 
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determine the haracrtypal teeth in those tiro jaws with the mme certainty an the 
homologous teeth in the jaws of different species. 

V^hen the mouth is shut the teeth in the lower jaw are a little in advance of their 
horaotypea in the upper jaw; thus in the Carnivora th® great canine tooth of the 
lower jaw always passes in front of the canine above. Even in the human subject 
this characteristic relative position is shown by the molars and promoters, when the 
upper incisors are produced beyond the lower ones. 

The existing species of Mammalia that retain the typical formula of dentition, viz. 

. 3—3 1-1 4-4 3-3 .. 

* 3 - 3 ' c 

are few: but that formula was much less frequently departed from in the species ©f 
placental Mammalia which were first introduced into this planet. This is a very sig¬ 
nificant fact, and became manifest in the course of working out such typical formula 
by tracing and comparing the development of the teeth in the recent species. 

In the oldest known strictly carnivorous mammal, e. g. the Hyamodon , remains of 
which have been discovered in the newer eocene deposits of Hampshire, and in the 
miocene formations of France, the complete typical dentition is retained, and each of 
the three true molars presents the peculiar trenchant form of crown which charac¬ 
terizes the single tooth called by Cuvier Me dent carnassifere’ in the Lion: here, 
therefore, we use the term ‘ molar ’ in the same technical or arbitrary sense as the 
term ‘incisor’ when applied to the tusks of the Elephant or the prongs of the Hip¬ 
popotamus. In the inixed-feeding Amphicyon , a larger extinct miocene Carnivore* 
allied to the Plantigrades, the three true molars have broad tuberculate crowns. 
Almost all the herbivorous genera of the eocene and miocene tertiary periods had 
the typical number and kinds of teeth, as, e. g., Anoplotherium, Pakeotherium, Dicho - 
dotty ChceropotamuSy Dichobune , Anthracoiherium, Hyopotamus , Hyracotherium> Oplo~ 
therium, Mery copot amus, Hippohyus, &c. When a modern genus or family has been 
represented as far back as the miocene period by extinct species, it is usual to find 
some nearer approach made by such species to the typical dentition than is made by 
the existing species. Thus, in existing Ruminants, the first premolar is suppressed; 
but in the ancient Dorcatherium it was retained. In the modern Hippojtotami the 

incisors are reduced to and the first premolar is speedily lost; in the oldest known 
representatives of the genus—the Hexaprotodon of the Himalayan tertiary beds—the 
incisors were in the typical number |^|, as the name imposed upon it by its disco¬ 
verers, Cautley and Falconer, indicates, and the first premolar was long retained; 
the whole dentition, in short, presented the typical formula. 

The existing species of the gigantic Proboscidian family, viz. the Asiatic and African 
Elephants, are totally devoid of incisors in the lower jaw, and all their grinding-teeth 
succeed each other horizontally; so that it is only by a more than proportional in- 
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m am ofswe that the antepenultimate grinder it recognisable as the StePef d» *em 
molar mm, and the antecedent smaller grinders as the bomologuee «f 0t» m@k- 
molars of other Dipbyodonts, which milk-molar# have no vertical eacceaww i« the 
Elephants. In certain Mastodons, however, which are (he earliest known fbemg .«f 
the itobomidiaa family, the hut milk-molar was displaced by a vertical successor or 
premolar. Two incisors, moreover, were developed in the lower jaw of the 
Mastodons, one of which was retained in the male of the Mastodon gtgantmsaf North 
America, and both in that of the Mastodon longirastris of Europe. 

The human dentition deviates from the typical formula by the suppressed develop¬ 
ment of several teeth; as might be anticipated from the characteristic shortness of 
the jaws, which is such as only to allow space for the comparatively few teeth re¬ 
tained, in ckoae juxtaposition, without any break in the series. 

the numerical formnla is 


.2-2 l-l 2- 


2 - 2 ’ 


3-3 „ ft 
1’ ^ 2—2 s "*S—3~*®’ 


the principal phases in the development of this dentition may be symbolized as 
follows:— 

1. S yean old, i §=§, c m-^* 205 

a)l of the deciduous series, the inolais answering tod 3 and d4 of the typical denti¬ 
tion. 

If. 7 years old, »|^|, c J-~, m ~|=24; 
the molars being d 3, d4, m 1. 

IIL 10to 12 years old, i "»|r|= 24 ; 

the molars being p 3, p 4, m l,and the milk incisors and canines replaced by the per¬ 
manent ones. 

IV. 12 to 16year* old,c »“j»28, via.p3,jp4, »il,«»2. 

V. 18 to30years old, i2 —c y^-j, viz.p3,p4, m 1, m2, *tS. 

The teeth which are wanting in Man to complete the typical formula are * 3, p 1 
midp2. The teeth in Man which answer to the camassials of the Lion and other 
Ferae arep4 in the upper jaw, or the second bicuspis of human anatomy, and m I in 
the lower jaw, or the first multicnspid molar. The tooth which is bomologool to 
the great complex molar of the Wart-Hog is m 3 in both jaws. 

The symbols here proposed to denote the kinds of teeth are, it is hoped, so plain 
and simple as to present no obstacle to the ready comprehension of the facts which 
have been recorded by means of them. Had those facts been expiained.by 'means of 
themmal phrases or definitions of the teeth, e. g. “ the second deciduous adtr repre- 







jiMttlf fehe fourth «fthe typical HmMiT ^ if 4, and so on, thedeserip- 

amai-lapi rim 'to ranch greater length, and two levied such* tax open the 
^miSm 4*4 memory a* to bum p^rtionaiiy«o<ed>led the jadgowot 
iiift mi4 iiiwt y i ht i ng # irmtfff ^tfi# * 

Emt year’s experience strengthens my eouvfytfon that tb^mpli hri4 mocmitri 
progress of auMoaiy dreads greatly on thedetermhmtion of the ,SdtMWliOHudeigjr 
of the partsobeetved, and on tbe concomitant acquisition of ttmpww of denoting 
Item iqf symbols equivalent to their single substantive names, «<>* - 4 - v j ■•• 
*’ In my vatic «m Hie ‘ Archetype of the Vertebrate Skeleton,’ {has* denoted meal 
9ft the bones tg simple numerals, which, if generally adopted, orifftMalco As plow of 
names: and o& the propositions, a. g. relative to the centrum of the see^W ndfe. 
tebra, might be predicated as eSfectaally and intelligibly of tbe fgateiai of tiMVM*4 
4 basioccipital.’ tbe symbols of tbe teeth are fewer, are easily understood aadie- 
numbered, render unnecessary the endless repetition of the verbal definition of ibe 


parts, harmonize conflicting synonyms, serve as a universal language, ami expresttfce 
author's meaning in the fewest and clearest terms. 


The Entomologist has long found the advantage of each signs as <Jand $, signify* 
ing male and female, and the like; and it is time that the Anatomist should wail 
himself of this powerful instrument of thought, instruction and discovery, from which 
tbe Chemist, the Astronomer mid the Geometrician have obtained such important 
resalts. 


DascaimoN of the Plates. 

PLATE XXXIII. 

fig. 1. Side view of the skull of a very young Phacocharus MUmi, natural size, with 
the outer walls of tbe alveoli removed to expose the deciduous molars, prof- 
molars and true molars, in situ. '* 

fig. 2. The grinding series, composed of milk-molars and true molars, from the 
* upper jaw. 

Fig. 3. The same from the lower jaw. (The symbols are explained in the hot.) 


PLATE XXXIV. 

fig. 4. Grinding surface and side view of tbe crowns of the molar series of the upper 
jaw of a young Phacocharus Mlimi. 

fig. 3. Grinding surface and side view of tbe crowns of the molar series of tbe lower 
jaar of tbe same skull. 
mm&Us 3 s 



molar series of the lower jaw of rite iiiA^^li^^||;;''. ir 
S%. 8., Side viewajad view of the grinding surface of the molarseriea of a^«ha3hN% 
•TaI ’' ■ '■¥'*.' ■ jPfc#ooch®nw P allant. „ - v 

$S%. 9. 1 View of tbe grinding surface of the upper molar series of an older 

'fflijjf. 18. 'StosBpjr view of the lower molar scrim of the same anim al. i 

’«#'&• grinding surface of the upper molar series of sal 
\[y r />j ■■&***» PeUam. 1 , . 

S|g. 19. Similar view of rim upper molar series of a still older 

£'/K. (Hie symbols are explained in the text, especially at p. 491. >■-„> t^'v 
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: XXV. {&*er«a£fon* on fAe Webmke. By He Ear/ ©f Rossb, JRre*. S?c. fife. 


RecttrrdJone 19,_««d Jane 80,1850. 


IN laying before the Royal Society an account of the progress which has beenmade 
np to tile present date in tbe re-examination of Sir John Hmamji Cat|dogl|W^| v ;. 
Nebnlm published in the Philosophical Transactions for 1833, It tffl be^j»sepiai^|Wf'. 
my something of the qualities of the instrument employed. J ■ ;> 

Tbe telescope has a dear aperture of 6 feet, and a focal length of 53 feet. 
hitherto been' used as a Newtonian, bat in coostrncting tbe galleries pwdfeMl^j. 
made for the easy application of a little additional apparatus to change th# hi|git [ ej®^ 
the observer, so that tbe focal length of the speculum remaining the same, 
raent could be conveniently worked as a Herschdian. * : 

Although with an aperture so great in proportion to the focal length, the phtfeMMl tfyg 
a nee of a parabolic spec nl am placed .obliquely would no doubt be very uasatis&cAery, - 
still additional light is so important in bringing out feint details, that it Is not ho- 4 
probable In the further examination of the objects of most promise with the fall light 
of tbe speculum, vndimmitked by a second reflexion, some additional features of in¬ 
terest will come out. 

The second reflexion is accomplished in the usual way by a surface of speculum , 
metal; some experiments have been made, suggested by Jamiw's paper, laths 
naies de Chimie for 1848, to procure a surface of silver suited to the pappose, bat 
without complete success. Arrangements also have been for some time in ©sMtes^ 
platlon with the view of effecting the’second reflexion occasionally by a small glass 
prism; and about a year ago a prism was procured from Munich for the purpose t lit 
both eases there would be a great saving of light; but I am speaking of the lastni- 
ment as it is, not as it may become, if further improver]. 

The tube reposes at its lower end upon a very massive universal joint of cast iron* " 
w a ring on a pier of stonework buried in tbe ground; and it is counterpoised so that 
it canbe movedin polar distance with great facility. A quick motion m polar distance 
Is given by a windlass bek>w, and a slow motion is given by tend above for measure¬ 
ments. Tbe extreme range of tbe tube in right ascension at the equator Is one hour; 
Ktttgreater as the polar distance diminishes. The quick movement in right ascension 
m gf ifeb below by a wheal tamed by a workman, and the slow morion by hand above; 
life jgtsttamest Is therefor* completely under the dominion of the ob s er v e r. Tbe tube 
by cfeahMb and is perfectly steady even in a gale of wind* 
>^fo;dlnrtn: wbh* gwmt» tbe movement of the telescope passes over ;b pulley : 
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axis of motion parallel to the axis of the earth, the movement of the telescope can be 
rendered almost exactly equatorial: there was some mechanical advantage in placing 
the pulley a little out of that line; and for such measurements as we have required, 
we have found the movement of the telescope sufficiently equatorial without the sub¬ 
sidiary apparatus, and therefore have not up to the present time made use of it. 
When the telescope is in the meridian, as it moves in polar distance it is guided 
by a cast-iron arc of a circle about 85 feet diameter nicely planed. The arc is 
composed of pieces 5 feet long, each adjusted independently in the meridian by the 
transit instrument, and secured to massive stonework. The horizontal axis of the 
great universal joint gives motion to an index whicii points to polar distances on an 
arc of 6 feet radius, by which the telescope is very quickly set in polar distance. A 
20-inch circle with a very delicate level, attached to the telescope, performs the same 
office, more slowly but with greater accuracy; and also gives polar distances with 
considerable precision when duly corrected. The whole mounting was planned espe¬ 
cially with a view of carrying on a regular system of sweeping, for which it is pecu¬ 
liarly adapted; but the known objects which require examination are so numerous 
that hitherto we have been fully occupied with them; and the discovery of new 
nebulae has as yet formed no part of the systematic work of the observatory. 

As yet the telescope is not provided with a clock movement. A clock movement 
was part of the original design, and there would have been no serious difficulty in 
carrying it out; but the want of it has not been very much felt, and there were other 
matters requiring more immediate attention. 

Various micrometers have been tried, but upon the whole the common wire micro¬ 
meter with thick lines succeeds the best. The thick lines are formed by coiling very 
fine silver wire four times round the forks, soldering it there, and then removing the 
lower half of the coil. A little spirit varnish unites the fine wires into a thin ribbon 
with a straight edge, perhaps as perfect as can be made. The micrometer is used 
without illumination; and I have never failed to see the lines in the darkest night; 
but of course measurements with thick lines are inferior in point of accuracy to mea¬ 
surements with thin lines in an illuminated field. Unfortunately any micrometrical 
contrivance which either diminishes the light of the telescope, or renders the field less 
dark, extinguishes the faint details of the nebulise, which even with an aperture of 
6 feet are often barely perceptible. There have been many ingenious attempts to 
make fine lines visible in a perfectly dark field, but they bave not, at least as far as 
my experience goes, been entirely successful. 

The telescope has two specula, one about three and a half, and the other a little 
more than four tons weight. Each speculum was originally provided with a system 
of levers to afford it an equable support: it was placed upon this system before it 
was ground, and it has rested upon it ever since. The system of levers is a combina¬ 
tion of three systems in every respect similar, resting on three points under the centres 
of gravity of the three equal sectors into which the speculum may be supposed to be 
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divided. Each system consists of one triangle with its point of support directly under 
its centre of gravity, upon which it freely oscillates. This triangle carries at its angles 
three similar points of support for three other triangles, under their centres of gra¬ 
vity, and they again at their angles carry in a similar way cast-iron platforms formed 
of thin ribs so as to make a kind of irregular open-work grating, supported under 
their centres of gravity. These platforms are all of equal area though not of similar 
shape. As there are three systems there are therefore twenty-seven platforms, which 
together make a circular disc about an inch in diameter less than the speculum: 
when arranged however a little apart so as not to touch, they make a disc about the 
same diameter as the speculum. Each platform is coated with greased cloth, and 
may be considered as bearing up one twenty-seventh of the weight of the speculum. 
Between the platforms and the speculum pieces of tin plate are inserted to diminish 
the friction as much as possible. The platforms being of open-work, they do not pre¬ 
vent the water in which the speculum is immersed from freely carrying away the 
heat as it is developed during the process of polishing, which is essential. 

It is evident that a speculum so supported will be practically free from strain while 
in a horizontal position, provided the due action of the levers is not interfered with 
by any disturbing force; it will be very much in the same condition as if floating in 
a vessel of mercury; when it ceases to be horizontal however new forces come into 
play: part of the weight must'then be resisted by pressure against the edge. Four 
very strong segments of cast iron, each about one-eighth of the circumference, were 
adjusted to the edge by screws, the segments bearing upon the massive castings 
which sustained the three primary supports of the lever apparatus. Provision was 
made to allow a little motion perpendicular to the plane of the speculum, to guard as 
much as possible against strain from the elasticity of the lever apparatus, which was 
however very small, the yielding being less than one-fortieth of an inch. 

The two specula of 3 feet aperture I have so long employed are mounted on a 
similar principle: they have however fewer points of support, and by a little sacrifice 
of the condition of perfect equilibrium, the whole system of levers was thrown with¬ 
out difficulty almost exactly into one plane. They are free from perceptible flexure 
in the different positions of the instrument. With the two specula of 6 feet diameter 
the case was otherwise. The 3-feet specula, weighing each about thirteen hundred 
weight, were very much stiffer, in proportion to their weight, than the 6-feet specula. 
To have made the C-feet specula of equal proportionate stiffness, either they should 
have been enormously heavy, or the material should have been so disposed as to give 
greater stiffness than when simply cast into the shape of a solid disc. Some years 
ago it was ascertained by experiments, but on a small scale, that it would be prac¬ 
ticable to dispose of three-fourths of the material of a speculum so as to secure a 
great increase of stiffness; the form adopted was a system of hexagonal cells. Whe¬ 
ther on a great scale the difficulties would be too serious to be surmounted is a ques¬ 
tion ; however it is with solid discs we have had to deal. The relative stiffness of 
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speculum metal and wrought iron is about five to six three-tenths; yet strange as it 
may appear, so delicate is the optical test, that strong pressure of the hand at the 
back of a speculum, four tons weight, and nearly six inches thick, produces flexure 
sufficient to distort the image of a star. It is obvious, therefore, that a slight in¬ 
equality in the action of the lever apparatus supporting a 6-feet speculum would pro¬ 
duce an amount of flexure sufficient to destroy definition. It has not been found pos¬ 
sible so to secure the 6-feet specula as to prevent a slight change of place in a plane 
parallel to the plane of the levers, and as the levers are not all in one plane as in the 
case of the 3-feet specula, and a considerable amount of friction exists between the 
speculum and its lever supports, when the speculum changes place, however slightly, 
there will be a force tending to disturb the equal actions of the levers. It has been 
found that when the speculum changes its place one-thirtieth of an inch, still adhe¬ 
ring to its levers, unraistakeable distortion will be produced. We have occasionally 
observed, even during a night’s work, the sudden appearance, and the as sudden dis¬ 
appearance of the rudiments of focal lines, the undoubted evidences of flexure; but 
we have not found that flexure, even to the extent of materially disfiguring the image 
of a large star, interferes much with the action of the speculum on the faint details of 
nebulae, although it greatly lessens its power in bringing out minute points of light, 
and in showing resolvability where under favourable circumstances resolution had 
been previously effected. 

In the spring of 1848 the heavier of the two specula for nearly three months per¬ 
formed admirably, very rarely exhibiting the slightest indication of flexure. It then 
remained inactive for some time before and after the solstice, and when we again 
commenced observing it was found to be in a state of strain; the friction between the 
lever apparatus and the speculum had no doubt in the meantime increased consider¬ 
ably, and the levers being therefore unable to adjust themselves to some slight but 
permanent change in the place of the speculum, they no longer supported it equably. 
It was cautiously raised a little by screws for the purpose of re-adjusting the levers, 
and to our surprise the unequal strain of the screws was found to have produced per¬ 
manent flexure, so that the speculum did not again perform well till after it had been 
reground. From the experiments of Mr. Eaton Hodgkinson and others, we should 
have been prepared for a change of figure in a mass of cast iron, but with a material 
so brittle and so elastic as speculum metal, the result was quite unexpected. Re¬ 
cently, in supporting the lighter of the two specula, twenty-seven triangles have been 
substituted for the twenty-seven platforms, each triangle carrying at its angles three 
brass balls, so that the speculum rolls freely on eighty-one balls, which support it 
pretty nearly equably. This appears to be a great improvement, but I will not dwell 
further on the subject. To describe the experiments which have been made with a 
view of discovering the best means of supporting very large specula, a question of 
great theoretical and practical difficulty, would occupy too much space, and would 
require elaborate engravings; it would besides be foreign to the object of this paper. 
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The same considerations also forbid any more minute description of the telescope 
and its mounting. 

From what has been said, it is evident that the 6-feet specula being occasionally 
in a state of strain, were not uniform in their action. There was however another 
cause of unequal action. The 6-feet specula, after they have been polished, cannot 
be tested till they have been removed from the laboratory to the telescope, thereto 
await a good night, the great focal length making it impossible to test them while 
on the engine. Now it has often happened that a speculum which has subsequently 
proved to be incapable of very fine definition, has remained in the telescope daring 
a succession of moderately good nights, when a great deal of work was done, await- • 
ing a night when the air was in a state to warrant a decisive opinion. Such a spe¬ 
culum might do good work, but it would not resolve difficult nebulae, neither would 
it bring out faint points of light, even when wide apart. There is still another cause 
of the unequal action of our specula far more serious, the varying state of the atmo¬ 
sphere. When the air is unsteady, minute stars are no longer points, the diffused 
image is much fainter, and single stars, easily seen when the air is steady, are no 
longer visible. When many minute stars are crowded together the whole become 
blended, and instead of a resolved nebula we have merely a diffused, perhaps bright 
nebulosity. The transparency of the air varies also quite as much; and the aspect of 
the nebulae changes from night to night, just as the appearance of a distant building 
alters as the details of the architecture are more or less obscured by the intervening 
mist. With these facts, the Society will not be surprised should it be in our power at 
a future time to communicate some additional particulars, even as to the nebulae 
which have been the most frequently observed. 

The sketches which accompany this paper are on a very small scale, but they are 
sufficient to convey a pretty accurate idea of the peculiarities of structure which have 
gradually become known to us: in many of the nebulae they are very remarkable, 
and seem even to indicate the presence of dynamical laws we may perhaps fancy to 
be almost within our grasp. To have made full-sized copies of the original sketches 
would have been useless, as many micrometrical measures are still wanting, and there 
are many matters of detail to be worked in before they will be entitled to rank as 
astronomical records, to be referred to as evidence of change, should there hereafter 
be any reason to suspect it. 

Much however as the discovery of these strange forms may be calculated to excite 
our curiosity, and to awaken an intense desire to learn something of the laws which 
give order to these wonderful systems, as yet, I think, we have no fair ground even 
for plausible conjecture; and as observations have accumulated the subject has be¬ 
come, to my mind at least, more mysterious and more inapproachable. There has 
therefore been little temptation to indulge in speculation, and consequently there 
can have been but little danger of bias in seeking for the facts. When certain phe¬ 
nomena can only be seen with great difficulty, the eye may imperceptibly be in some 
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degree influenced by the mind; therefore a preconceived theory may mislead, and 
speculations are not without danger. On the other hand, speculations may render 
important service by directing attention to phenomena which otherwise would escape 
observation, just as we are sometimes enabled to recognize a faint object with a small 
instrument, having bad our attention previously directed to it by an instrument of 
greater power. The conjectures therefore of men of science are always to be invited 
as aids during the active prosecution of research. 

It will be at once remarked, that the spiral arrangement so strongly developed in 
Plate XXXV. H. 1622,5 1 Messier, fig. 1, is traceable, more or less distinctly, in several 
of the sketches. More frequently indeed there is u nearer approach to a kind of irre¬ 
gular interrupted annular disposition of the luminous material than to the regularity so 
striking in 5 1 Messier ; but it can scarcely be doubted that these nebulae are systems of 
a very similar nature, seen more or less perfectly, and variously placed to the line of 
sight. In general the details which characterize objects of this class are extremely faint, 
scarcely perhaps to be seen with certainty on a moderately good night with less than 
the full aperture of 6 feet: in 51 Messier, however, and perhaps a few more, it is not 
so. A 6-feet aperture so strikingly brings out the characteristic features of 51 Mes¬ 
sier, that 1 think considerably less power would suffice, on a very fine night, to bring 
out the principal convolutions. This nebula has been seen by a great many visitors, 
and its general resemblance to the sketch at once recognized even by unpractised 
eyes. Messier describes this object as a double nebula without stars; Sir Wiixiam 
Hkrschec as a bright round nebula, surrounded by a halo or glory at a distance 
from it, and accompanied by a companion; and Sir John Hkrschel. observed 
the partial subdivision of the s.f. limb of the ring into two branches. Taking 
Sir J. Herschel’s figure, and placing it as it would be if seen with a Newtonian 
telescope, we shall at once recognise the bright convolutions of the spiral, which 
were seen by him as a divided ring. We thus observe, that with each successive 
increase of optical power, the structure has become more complicated and more 
unlike anything which we could picture to ourselves as the result of any form 
of dynamical law, of which we find a counterpart in our system. The connection 
of the companion with the greater nebula, of which there is not the least doubt, and 
in the way represented in the sketch, adds, as it appears to me, if possible, to the dif¬ 
ficulty of forming any conceivable hypothesis. That such a system should exist, 
without internal movement, seems to be in the highest degree improbable: we may 
possibly aid our conceptions by coupling with the idea of motion that of a resisting 
medium; but we cannot regard such a system in any way as a case of mere statical 
equilibrium. Measurements therefore are of the highest interest, but unfortunately 
they are attended with great difficulties. Measurements of the points of maximum 
brightness in the motling of the different convolutions must necessarily be very loose; 
for although on the finest nights we see them breaking up into stars, the exceedingly 
minute stars cannot be seen steadily, and to identify one in each case would be ini- 
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possible with our present means. The nebula itself, however, is pretty well studded 
with stars, which can be distinctly seen of various sizes, and of a few of these, with re¬ 
ference to the principal nucleus, measurements were taken by my assistant, Mr. John¬ 
stone Stoney, in the spring of 1849, during my absence in London; for some time 
before the weather had been continually cloudy. These measurements have been 
again repeated by him this year, 1850, during the months of April and May. Just as 
was the case last year, in February and March the sky was almost constantly over- 
east. He has also taken some measures from the centre of the principal nucleus to 
the apparent boundary of the coils, in different angles of position. The micrometer 
employed was furnished with broad lines formed of a coil of silver wire in the way I 
have described, seen without illumination. Some of the stars in the nebula are so 
bright, I have little doubt they would bear illumination; if so, their positions with 
respect to some one star might be obtained with great accuracy of course by employ¬ 
ing spiders' lines; this season however it is too late to make the attempt. Several of 
these stars are no doubt within the reach of the great instruments at Pulkova and at 
Cambridge, U.S.,and I hope the distinguished astronomers who have charge of them 
will consider the subject worthy of their attention. Their better climate gives them 
many advantages, of which not the least is the opportunity of devoting time to mea¬ 
surements without any serious interruption to other work. I need perhaps hardly 
add, that measurements taken from the estimated centre of a nucleus, and still more 
from the estimated termination of nebulosity, are but the roughest approximations; 
they are however the only measurements nebulosity admits of, and if sufficiently 
numerous, I think they will bring to light any considerable change of place, or form, 
which may occur. 

The spiral arrangement of 51 Messier was detected in the spring of 1845. In the 
following spring an arrangement, also spiral but of a different character, was detected 
in 99 Messier, Plate XXXV. fig. 2. This object is also easily seen, and probably a 
smaller instrument, under favourable circumstances, would show everything in the 
sketch. Numbers 3239 and 2370 of Hekschei/s Southern Catalogue are very pro¬ 
bably objects of a similar character, and as the same instrument does not seem to 
have revealed any trace of the form of 99 Messier, they are no doubt much more 
conspicuous. It is not therefore unreasonable to hope, that whenever the southern 
hemisphere shall be re-examined with instruments of great power, these two re~ 
markable nebulae will yield some interesting result. 

The other spiral nebulae discovered up to the present time are comparatively diffi¬ 
cult to be seen, and the full power of the instrument is required, at least in our 
climate, to bring out the details. It should be observed that we are in the habit of 
calling all objects spirals in which we have detected a curvilinear arrangement not 
consisting of regular re-entering curves; it is convenient to class them under a com¬ 
mon name, though we have not the means of proving that they are similar systems. 
They at present amount to fourteen, four of which have been discovered this spring; 
there are besides other nebulae in which indications of the same character have been 
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observed, but they are still marked doubtful in our working list, having been seen 
when the air was not very transparent; 51 Messier, Plate XXXV. fig. l,is the most 
conspicuous object of that class. 

The question may perhaps suggest itself whether there is not something in the aspect 
of a spiral nebula, which forces upon us the conviction that it is a system with an 
organization quite different from that of any known cluster. The only answer I am 
enabled to give to that question is, that in the exterior stars of some clusters there ap~ 
pears to be a tendency to an arrangement in curved branches, which cannot well be 
unreal, or accidental. Nos. 480,1916,1968,1972, are the objects in which I observe 
that peculiarity noted down in our list of observations as suspected. As to 1968, Sir 
John Herschel uses the following words in his Catalogue, “ has hairy-looking curvi¬ 
linear branches.” Careful drawings based on measurements would settle the ques¬ 
tion, whether the suspected curvilinear distribution of the stars is real or not; this 
would also perhaps settle another question of interest, whether the distribution of the 
stars in these objects is reconcileable with the hypothesis of an equal distribution of 
the stars of the system ; as yet however there has not been time to make the required 
measurements. In passing from the spiral to the regular annular nebulae, we perceive 
we are at once engaged with objects of a very different character: still here even there 
seems to be something like a connecting link ; the great round planetary nebula, H 838, 
Plate XXXVII. fig. 11, with a double perforation appears to partake of the structure 
both of the annular and spiral nebulae. There were but two annular nebulae known in 
the northern hemisphere when Sir John Herschel’s Catalogue was published; now 
there are seven, as we have found that five of the planetary nebulae are really annular. 
Of these objects, the annular nebula in Lyra is the one in which the form is by far 
the most easily recognized. I have not yet sketched it with the 6-feet instrument, 
because I have never seen it under favourable circumstances: the opportunities of 
observing it well on the meridian are comparatively rare owing to twilight. It was 
however observed seven times in 1848 and once in 1849. The only additional par¬ 
ticulars I collect from the observations, are that the central opening has considerably 
more nebulosity in it than it appeared to have with the 3-feet instrument, and 
that there is one pretty bright star in it, s.f. the centre, and a few other very minute 
stars. In the sky round the nebula and near it there are several very small stars 
which were not before seen, and therefore the stars in the dark opening may possibly 
be merely accidental. In the annulus, especially at the extremities of the minor axis, 
there are several minute stars, but there was still much nebulosity not seen as 
distinct stars. 

The other annular nebula of Herschkl’s Northern Catalogue is a much fainter 
object: it has been observed but once with the large instrument, August'1, 1848; 
but the evidence of resolution appears to have been more complete; many stars were 
seen in the annulus; one of them was very conspicuous. That a faint nebula should 
be more easily resolvable than a bright one is not unusual, neither is it contrary to 
probability; faintness may be owing to distance, or to a wider separation of the stars. 
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either physically or optically; in the latter case it is not unlikely that in a faint nebula 
they might be seen separate with an instrument of great aperture, while in the 
brighter and more closely packed nebula they were blended together, owing to imper¬ 
fect definition, arising out of the state of the air, or instrument. As an example, the 
dumb-bell is a bright nebula: on three exceedingly fine nights succeeding each other 
at short intervals, the stars in the brighter parts of the nebula were better shown 
with 3 feet aperture than they have since been with 6 feet. Very fine nights, when 
the air seems to set no limits to magnifying power, are extremely rare, and the dumb¬ 
bell has not been seen with the great instrument on such nights. On the other 
hand, on all ordinary nights, a variety of details are shown by the great instalment 
which were not seen on the finest nights with the smaller instrument. There is 
another fact I may perhaps add, that while high magnifying power brings out minute 
stars it extinguishes faint nebulosity. The optical reason is obvious; but in sketching 
the dumb-bell nebula in 1845 that fact was overlooked, and but one eye-piece was 
used, a very high one; had there been a low one also used the sketch would have 
been more complete. To return to the annular nebulae. The five planetary nebulae 
we have ascertained to be annular, are as follows: 464, Plate XXXVIII. fig. 12, has 
two stars within it; 2075 has one star a little following the centre; 2241, Plate 
XXXVIII. fig. 13, has no star, but is surrounded with a faint external annulus; 
2050 has a perforation not round nor quite symmetrical with the star; 838, Plate 
XXXVII. fig. 11, has two stars and two perforations. In no instance is the central 
opening quite dark. The planetary nebula, 2047, is marked in our journal as annular, 
but the observation is without date and other particulars, and therefore I do not 
consider it altogether trustworthy. In 2098, Plate XXXVIII. fig. 14, another 
planetary nebula, we have not detected any perforation, but it has ansae, which pro¬ 
bably indicate a surrounding nebulous ring seen edgeways, just as 450, Plate XXXVIII. 
fig. 15, has apparently a nebulous ring seen on the flat; and if the annular nebulae 
are really hollow shells, the nebulous ring would cover the comparatively transpa¬ 
rent centre; 365 and 2037 have never been observed. 

Passing from the annular nebulae to the nebulous stars, there are two objects well- 
worthy of especial notice. 

Sir John Herschel very accurately describes a nebulous star thus:— “ A sharp and 
brilliant star concentrically surrounded by a perfectly circular disc or atmosphere of 
feint light, in some cases dying away insensibly on all sides, in others almost suddenly 
terminated*.* No. 450 of Sir John Herschel’s Catalogue is one of these nebulous 
stars, and is there thus described :—“ A star of the 8th magnitude, exactly in the 
centre of an exactly round and bright atmosphere, 25" diameter. The star is quite 
stellar, not a mere nucleus. Another star, 8th magnitude, distant 100", and about 
85° n p, has no such atmosphere.—A most remarkable object.” 

Hate XXXVIII. fig. 15 represents this wonderful object as seen with the 6-feet 
telescope. It has been several times examined, and as yet we havfe not seen the 
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slightest indication of resolvability. The outer ring is seen on a pretty good night 
completely separated from the nucleus surrounding the brilliant point or star. The 
light is very bright, and always appeared to be dickering, owing no doubt to the 
unsteadiness of the atmosphere. There is a small dark space to the right of the star, 
which indicates a perforation similar perhaps to that discovered in Nos. 838,2060, 
and others. The annular form of this object was detected by Mr. Johnstons Stonkt, 
my assistant, when observing alone, and the sketch is bis; I have however since 
bad ample opportunities of satisfying myself that the object has been accurately 
represented. Plate XXXVIII. fig. 16 represents the other nebulous star, t Ononis: 
the remarkable feature in this object, the dark cavity, not symmetrical with the 
star, was also discovered by Mr. Johnstone Stoney when observing alone with 
the 3-feet telescope: I have since seen it several times and sketched it. The com¬ 
ponents of i Orionis have not been laid down micrometrically, or even with care 
by the eye, but the dark cavity with respect to the stars is faithfully represented. 
If the dark cavity was symmetrical with the stars, it might perhaps be thought 
by some that the phenomenon was optical, but as it is the thing is impossible. A 
small double star n f has similar openings, but they are not so easily seen. These 
openings appear to be of the same character as the opening within the bright stars 
of the trapezium of Orion, the stars being at the edges of the opening. Had the 
stars been situated all together within the openings, the suspicion would perhaps 
have suggested itself more strongly that the nebula had been absorbed by the stars. 
As it is, I think we can hardly fail to conclude that the nebula is in some way con¬ 
nected with these bright stars, in fact that they are equidistant, and therefore, if the 
inquiries about parallax, now proceeding with so much activity, should result in 
giving us the distances of these bright stars, we shall have the distance of this nebula. 

The long elliptic or lenticular nebulae are very numerous; I have given three sketches 
of remarkable objects of this class: the appearance of Plate XXXVII. fig. 7 suggests 
the idea of an elliptic annular system seen very obliquely. A series of very elliptic 
shells enveloping the nuclens, seen somewhat obliquely, would perhaps also present 
the same aspect. The dark chink in Plate XXXVII. fig. 8 might indicate either a 
real opening, the system being an elliptic ring, or merely a line of comparative dark¬ 
ness, the section through the axis of a very long narrow elliptic shell. In Plate 
XXXVII. fig. 9 there is a well-marked stratification, which might possibly be the 
appearance, Plate XXXVII. fig. 7, on the first supposition, would present if seen in 
another direction. It is to be hoped that as observations multiply, and these extra¬ 
ordinary objects which abound in the heavens are seen in various directions, we shall 
gradually become acquainted with their real form. At present further conjectures 
would be to no purpose. 

The remaining sketch, Plate XXXVIII. fig. ) 7, is the dumb-bell nebula as seen 
with the 6-feet telescope: the sketch is by Mr. Johnstone Stonby, and the form of 
the nebulosity and its various gradations of intensity have been represented with 
considerable fidelity. There was no subsequent opportunity of marking in the store. 
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and therefore they Lave been inserted at random to complete the general effect, and 
many minute details are still wanting to make the figure complete. 

As we have proceeded with our task of re-examining Sir John Herschel’s Cata¬ 
logue, several groups of nebulae have been discovered, although new objects have not 
been as yet sought for. In some cases a nebulous connection has been detected be¬ 
tween the individuals of the group, in others not. Sketches have been made and 
some measures taken. The whole subject of the grouped or knotted nebulae is one of 
deep interest; but we have not proceeded sufficiently far with it to make it worth 
while to enter upon it in the present paper, and it only remains to point out a defect 
common to all the sketches which might mislead if not specially noticed. In sketch¬ 
ing we necessarily employ the smallest amount of light possible, very feeble lamp-light, 
especially where the objects or their details are of the last degree of faintness. To 
see the sketch as we proceed it is often necessary to mark it too strongly: this would 
be of little moment if the excess of colour was always in the same proportion, espe¬ 
cially as different eyes form a very different estimate of the relative intensities of a 
nebula and its representation on paper, but it is not so; the contrast between the 
faint and bright nebulae and between the faint and bright parts of the same nebula 
is very liable to be made too slight. The most important error to guard against is 
that of supposing that the well-marked coniines of the nebula on paper really repre¬ 
sent the boundaries of the object in space in all cases. Frequently there is a very 
gradual fading away at the edge, the last trace of which is either a luminous inist 
becoming rarer till imperceptible; a gauge-like tissue of the faintish imaginary floc- 
culi, or hairy filaments, which become finer and more scattered till they cease to be 
visible, showing that the real boundary has not been seen, and that the form of the 
object would alter if additional optical power could be brought to bear upon it. The 
same remark applies to the faint interior details, in most cases probably only in part 
seen. 

Plate XXXV. figs. 1 and 2 are seen on a scale of half an inch to a minute; the 
others are on no regular scale: they are about the size of the figures which accom¬ 
pany Sir John Herschel’s Catalogue, the smaller however have been somewhat 
enlarged where there were details which otherwise could not have been well repre¬ 
sented. 

Annexed are a few remarks relating to each figure, which seem to make the in¬ 
formation conveyed by it more complete: they are for the most part extracts selected 
from our journal of observations; in a few cases, however, to save space, merely the 
substance is given. 

Where the 3-feet instrument was employed it is specially mentioned; in every 
other case it was the 6-feet instrument. 

Plate XXXV. fig. 1, H. 1622.—This object has been observed twenty-eight times 
with the 6-feet instrument; it bad been repeatedly observed previously with the 3-feet 
instrument. 

September 18, 1843.—Observed with the 3-feet instrument; power single lens. 
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1-incb foe us; a great number of stars clearly visible hi it, stiH Hkrschel’s rings not 
apparent, at least no such uniformity as he represents in his drawing. 

April 11, 1844.—Observed with the 3-feet instrument, two friends assisting; both 
saw centre clearly resolved. 

April 26, 1848.—6-feet instrument. Saw the spirality of the principal nucleus 
very plainly; saw also spiral arrangement in the smaller nucleus. 

The following measurements were taken by my assistant, Mr. Johnstons Stoney, in 
the spring of 1849 and 1850. 



Mean of tbe 
observations of 
position. 

No. of observa¬ 
tions. 
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ence between 
observations and 
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No. of observa¬ 
tions. 
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N. 

n. 
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Observations .—There is a great discrepancy between the measured position of 11 
and 12 and the rough diagram made at the time of observation. 

N. 13 is twice noticed in the observing-book. 

Once N. 11,13 is taken as one position; the other times N. 11 and 13 are taken 
separately, N. 13 being made 1° 40* less than N. 11; hence 270° 31' is a more pro¬ 
bable position for N. 13 than that given in tiie Table. 

The Greek letters are perpendiculars from N. on tangents to the outsides of the 
convolutions, the tangents from a, (3, y being vertical, that is, parallel to the position 
95° T, and those for i, t, £, n horizontal, i. e. parallel to position 5° 7'. 

The greater part of the observations were made when the eye was affected by lamp¬ 
light, which made it difficult to estimate correctly the centre of the nucleus; it was 
of importance that no time should be unnecessarily spent, and after the lamp had 
been used a new measure was taken, as it was judged that the object was sufficiently 
seen. With the brighter stars this would frequently happen before the nucleus was 
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well defined, as all impediments to vision seem to affect nefoulse much more than stars 
the light of which would be estimated os of the same intensity. In the foregoing list 
the greatest discrepancies are in the measures of bright objects, and this is probably 
the proper account of it. No stars have been inserted in tbe sketch which are not in 
the table of measurements. The general appearance of the object would have been 
better given if the minute stars had been put in from the eye-sketch, but it would 
have created confusion. 

Plate XXXV. fig. 2, H. 1173.—This nebula has been repeatedly observed with the 
6-feet instrument. 

March 11, 1848.—Spiral with a bright star above; a thin portion of the nebula 
reaches across this star and some distance past it. Principal spiral at the bottom, 
and turning towards the right. 

March 20, 1848.—Spirality very evident, though night bad: nebula not traced to 
upper star. 

April 16, 1849.—Took measures of the stars 1, 2. 

April 1/, 1849.—Took measures of the stars 1, 2, 3, 4 from the nucleus; they are 
as follows:— 


No. 

Mean of obser¬ 
vation* of posi¬ 
tion from mirth 
in direction 
»./. a.p. 

No. of 
observa¬ 
tions. 

Greatest differ¬ 
ence between 
mean and obser¬ 
vation. 

Mean of obser¬ 
vations of 
distance. 

No. of 
observa¬ 
tions. 

Greatest differ¬ 
ence between 
mean and obser¬ 
vation. 

1. 

34 i 

1 

o / 

2 54-6 

2 

9*6 

2. 

80 35 

2 

0 18 

1 46*3 

3 

14*4 

3. 

117 3 

3 

0 23 

1 48*4 

4 

13-6 

4. 

177 57 

1 


2 48*1 

1 



Three very minute stars in the eye-sketch have not been inserted, not having been 
measured. 

Plate XXXVI. fig. 3, H. 604.—This nebula was observed frequently with the 3-feet 
instrument, but nothing remarkable seems to have been made out, except the resol¬ 
vable character of the nucleus. It was first observed with the great telescope, March 
24, 1846, and a tendency to an annular or spiral arrangement discovered; night 
bad; March 5, 1848, sketched. 

March 9, 1848.—“Night excellent, a spiral seen in an oblique direction, resolved 
well, particularly towards the centre, where it is very bright; Dr. Robinson ob¬ 
serving.” Observed March 3, I860; badly seen. 

With the single exception of March 3, 1850, we have unfortunately no recent ob¬ 
servation of this extraordinary object: it has been passed over, because to observe 
it, except on a very fine night, would be waste of time. 

Plate XXXVI. fig. 4, H. 2205.—Observed frequently, and by many friends. The 
drawing represents the object with considerable accuracy. 

“September 10, 1849.—Spiral, but query whether this is not more properly an 
annular than a spiral nebula.” 
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The details arefaint, but can be sees oaany moderately fine night. > . i! > -t-i f 
Plate XXXVI. fig. 5, H. 131.—This figure represents the central portion very 
large nebula. The nebula itself has not been « ufficiently examined, bat 1 tos-yVi no 
■other portion appears to have.a spiral, or indeed' any regular arrangement^J The 
sketch is not very accurate, but represents sufficiently weM the general charaoter oi 
the central portion.' / i,u > • **< • •- •* '• «**»»! 

. “September 6, 1849.—A epical, > .. • ■ > <■*<•' *‘ r d»ul/ 

“September 16, 1849.'—New spiral; a the brightest branch ; ylaintt I'shiort hot 
pretty bright; (3 pretty distinct; (but suspected; the Whole'involved in'faint? hhbula, 
which probably extends past several knots which lie about itin different drbectSonfc. 
Paint nebula seems toextendveryfar fallowing; drawing takch* >- >>( 1 - 

. “September 10, 1849.—An attempt at a drawing' taken: fog.i' ■ :• 1 - 1 i: "‘* 

“October 184®.—Tbe whole nebula in fiepculi.” > i >■; -* i.<< ' 

. Plate XXXVII,. fig. 6, H. 444.—‘‘ December 19, 1848.*—Bright Star betfree& / ; tails 
and curved filaments ; perhaps annulfis around the two-ntbulm. ■ » l 
“ December 22, 1848.—Sketch made. . / 

“February 11, 1849.—Lower streak seems to reach the filaments ©fright-Hand 
nucleus.” - • <• ' < • •' 

Plate XXXVH. fig. 7, H. 864.—“March 31, 1848*—A’ curious nebula *^ith a 
bright nucleus; resolvable; a spiral or annular arrangement about it;’ too other 
portion of the nebula resolved. Observed April 1, 1848, ond April 9; with 'the same 
results.” • ■ ■ 1 ' 

Plate XXXVII. fig. 8, H. 1909.—“April 27,1848.*—A very bright resolvable rfebulu, 
but none of the component stars to be seen distinctly even with a power of a thou¬ 
sand. A perfectly straight and longitudinal division indhc direction of thcanajor 
axis. Resolvability most strongly indicated towards the nucleus. *<; >,>■>.« ■ n. ■ f;- 
“ May 2, 1848*—Not seen so well as on April 27* Darkness i it the middk,'along 
Che major axis barely visible* nit > . ■. - -i"\ 

“April 1849.—-A long ray elliptical. Major axis perhaps eight times minor aTiv 
Surface somewhat broken up, ami a slight darkness in the direction of the major 
axis; night indifferent; at intervale a fewstars faintly perceptible*”- f| *- ' ’< • j■•>;*- 1 ; 

Plate XXXVII. fig.®, H. 1397—-This sketch Was made 1 with great careby my assist- 
' ant, Mr. Johnstone Stonbv, andlhave no doubt it is very accurate. Observed* and 
sketched, April 19, 1849. It had been previously observed, March 26, 1848^>bydAy 
former assistant, Mr. Rambaut, and I find the following note by lnm ,*—<“ A tto^6t ex¬ 
traordinary object, masses of'light appear through it in knots."' » 

Plate XXXVII. fig. 10, H. 399.—Observed December 22, 1848, Febriiaryl i | 1849, 
and January 16, 1850, when tbe drawing was taken. The two ; comparatively dark 
spaces, one near tbe vertex! and the othfer near the base of the cone,-ard Very reirtark- 
atde. .j * i . - i.. i < i ■ * i > , , * ; , I, a * * i< f f 

Plate XXXVII. fig. 11, H. 838.—September 27,1843.*—(Meet tekwoOpe.) Night 
pretty good; a star in the centre and apparently ragged outline. * 1 
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March 7,1848.—(6-feet telescope).—Night bad: aurora. Darkness in the centre; 
star not certainly seen; outline ragged. 

March 11, 1848.—Seen by Dr. Robinson and my former assistant, Mr. Rambaut 
sketch made of it. “Two stars considerably apart in the central region; dark 
penumbra around each spiral arrangement, with stars as apparent centres of attrac¬ 
tion ; stars sparkling in it, resolvable; night excellent.” Note by Mr. Rambaut : 
“March 5, 1848.—Saw two dark and very large spots in the middle; Lord Rosse 
remarked that all round its edge the sky appeared darker than the average.” 

“March 11,1848.—Remarkably fine night; a brilliant star in the centre; also star 
to the right; round each a black space (see sketch).” Note by Mr. Rambaut: “March 
25, 1848.—Air steady, but slight haze; large star visible. Only at one clear interval 
could I get a glimpse of the spiral arrangement of this nebula, which I should have 
totally overlooked bad I not seen it so plainly on a former occasion. 

“March 26, 1848.—Second bright star visible; spiral arrangement hardly per¬ 
ceptible ; not seen so well as on the 11th of March. 

“ March 27, 1848.—Not seen so well as last night; second star seen at rare in¬ 
tervals, power 468. 

“ March 28, 1848.—Night hazy, could not see second star.” 

“March 31, 1848.—Caught one glimpse of second star, but saw the large star 
very plainly. 

“April 1, 1848.—Night hazy; spiral arrangement little more than suspected; ne¬ 
bula very faint. 

“April 3, 1848.—Small star distinctly seen; spirals tolerably well brought out; 
hazy, but air steady. 

“ April 6,1848.—First star seen easily, though hazy; the second only occasionally; 
spiral arrangement hardly discernible. 

“January 1850.—Seen very imperfectly; only one of the stars seen. 

“March 9, 1850.—Second star only seen for a moment.” Several attempts were 
made to procure measures of position and distance of the two stars this spring, but 
in vain, the season was so unfavourable. In 1848, the micrometer requiring illumi¬ 
nation, no attempt was made. With the micrometer as at present mounted there 
would not have been the slightest difficulty in procuring measures. 

Fig. 12, H. 464.—“ Annular nebula at the edge of the cluster M. 46. Sketched 
December 22, 1848 annular, two stars in it. 

“January 27, 1849.—A third star suspected in brightest part. 

“January 29, 1849.—Third star strongly suspected. 

“February 13, 1849.—Observed, nothing further. 

“March 16, 1849.—Saw but two stars in it.” 

Fig. 13, H. 2241.—“ October 31,1848.—Has a central spot, at moments very dark. 

“December 13, 1848.—Nothing more, except perhaps that faint external annulus 
extends further than had been seen before. 
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« December 1 4,1848. —Note by Mr. Johnstone Stoney :— 1 Three stars near it, some¬ 
what in this fashion; showed it to Sir James South.’ 

“December 16, 1848. —Sketches made by Lord Rosse and Mr. Johnstone Stoney. 

“December 19,1848.—Drawing confirmed.” 

Fig. H. 14, 2098.— “Observed October 23, 1848, and sketch made. 

“October 25, 1848.—Sketch confirmed. 

“August 16,1849. —Position of ring taken with an eye-piece furnished with a level 
and a position circle. Inclination of ring to horizon 9°.” 

Fig. 15, H. 450. —“February 20, 1849. —Most astonishing. The star perhaps a 
little nearer the np edge. Drawing made; breadth of ring less on/ side. 

“February 22, 1849. —Observed again; dark space to the right of star. 

“January 16, 1850. —Observed; examined with the 700 and 900 eye-pieces; both 
the dark and the bright rings seemed unequal in breadth ; the light appeared unsteady 
and flickering. The night was rather foggy, but the sky black.” 

Fig. 16, H. 361.—“January 28, 1849.—< Orionis. Dark space in the nebula con¬ 
taining nearest companion; light nearly equable; sketch made; 3-feet telescope 
employed. All the stars in the neighbourhood are nebulous, of these two a little sp, 
last seem to have dark spaces as in figure. To the nf of this there is another smaller 
double star, suspected to have similar dark spaces to i Orionis. 

“February 16, 1849. —Three-feet telescope confirmed observation of January 28, 
1849. 

“March 17, 1849. —Large triple star to south of nebula Orionis; confirmed ob¬ 
servation of opening in its atmosphere, also the openings at double star sp last.” 

Fig. 17, H. 2060. —“Observed September 9, 1849. Drawing commenced. 

“ September 16, 1849. —Drawing proceeded with; examined also with 3-feet tele¬ 
scope to find if any evidence of change since drawing in Philosophical Transactions 
was taken; none decisive.” 


List of some remarkable Nebulae. 

Spiral or curvilinear. 

H. 142, 262, 327, 695, 749, 910, 1002, 1211, 1312, 1368, 1451, 1570, 1776, 2172. 

With dark spaces. 

264, 368, 491, 514, 692, 731, 788, 857, 887, 1107, 1225, 1909, 2241. 

Ray with split. 

1041, 1149, 1357- 


Knotted nebulae. 

84, 257, 320, 409, 446, 581, 1274, 1901. 
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XXVI. On the Structure and Use of the Ligamentum Rotundum Uteri, with some 
observations upon the change which takes place in the Structure of the Uterus 
during Utero-gestation. By G. Rainey, M.R.C.S., Demonstrator of Anatomy at 
St. Thomas's Hospital. Communicated by Joseph Henry Green, Esq., F.R.S. 


Received January 15,—Read April 11, 1850. 

Prior to the discovery of the striated character of voluntary muscle, about 1765, 
by Fontana, physiologists were unacquainted with any certain mark by which they 
could distinguish this variety of muscle from many other structures; and physiology 
being at that period in advance of anatomy, the question of the muscularity of many 
parts was obliged to be decided by their function instead of by their structure; but 
in the present state of minute anatomy, improved as it has been of late by the 
researches of microscopists, physiology and anatomy are made to move more in paral¬ 
lelism ; this is especially the case with respect to the muscular system, so that if a 
muscle be made up of a bundle of fascicles of nearly equal size, and each one be 
marked transversely with parallel striae, it is known to act either directly in obedience 
to the will, or to be capable of being called into operation through excito-motory 
influence, whilst a muscle consisting merely of an aggregation of fibres more or less 
distinctly nucleated, is known to act independently of the will; hence muscles are 
now named according to their function, voluntary and involuntary; or according to 
their structure, striped and unstriped. In the class of striped muscles physiologists 
are agreed to place the voluntary muscles, the upper part of the human oesophagus, 
and the heart; in that of unstriped ones, the muscular coat of the intestinal canal, 
the bladder, the uterus and round ligaments. As it respects the parts included in 
the latter division of this classification, I am obliged to dissent altogether in reference 
to the structure of the round ligaments of the uterus, having found in every subject 
in which I have examined them (the number being about a dozen) well-marked 
muscular fibres of the striped variety, in fact that they correspond in all respects to 
regular voluntary muscles: with this conviction I am desirous to communicate the 
result of my observations to the Royal Society. I may also add, that I have in my 
possession numerous preparations, microscopic as well as ordinary dissections, in 
which the accuracy of the facts stated in this paper are easily demonstrable. 

The so-called round ligament of the uterus, regarded as a muscle, may be said to 
arise by three fasciculi of tendinous fibres; the inner one from the tendon of the 
internal oblique and transversalis near to the Symphysis pubis, the middle one from 
the superior column of the external abdominal ring near to its upper part, and the 

3 u 2 
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external; fasciculus from the inferiorcolnmn of tine ring jfcst above GimbbUnat^s liga- 
racOt.j from! these; attachments the fibres pass backwards and outwards, scon becoming 
fle6by;fchey then unttointoa rounded cord', which crosses in front of tbe epigastric 
artery and behind the lower bolder of the’internal oblique and transversalis muscles, 
from which it is separated by a thin fascia Continuous with the fascia, transversalis; it 
then gets between the layers of peritoneum fdnning the broad ligament of the uterus, 
along;which it passes backwards, downwards, and inwards to the anterior and supe¬ 
rior part of the uterus, into which its fibres, after spreading out a little, may be said 
to. be inserted. ' .. . 

The striated muscular fibres are not confined merely to the surface of the round 
ligament, as if only accessory to some more important part of it, but they form almost 
the whole of its substance, and are more particularly distinct near to its centre; nor 
do they extend completely to the uterus, but after passing between the layers of the 
broad ligament to about the distance of an inch or an inch and a half from its supe¬ 
rior part, they gradually lose their striated character, and degenerate into fasciculi of 
granular fibres mixed with long threads of fibro-cellular tissue. Plate XXXIX. fig. I 
is an accurate representation of some muscular fibres taken from the centre of the 
round ligament, where it is sitnated between the layers of the broad ligament, about 
one inch and a half from the uterus. Fig. 2 is also a representation of some muscu¬ 
lar fibres taken from apart rather nearer to the uterus, showing the manner in which 
the Btriped muscular fibre terminates in the granular fibres above mentioned. This 
structure of the round ligaments is not, as might be expected, confined to the human 
species. In the Monkey these ligaments are composed almost entirely of striped 
muscular fibre, which extends all along them nearly as for as the uterus. The uterus 
in a monkey which I examined was very small, but the round ligaments were pro¬ 
portionally large: the primary fasciculi of muscular fibres were pale but very di¬ 
stinctly striated. In the Dog, as most probably in other animals in which the uterus 
divides into cornua extending into the abdomen considerably beyond the brim of the 
pelvis, the round ligaments, instead of passing downwards to be attached to the pelvis, 
as they are in the human subject, in whom the uterus is situated below its brim, pass 
from the extremities of the cornua of the uterus upwards, or rather forwards to the 
last rib. Hence in these instances, these ligaments, or rather muscles, may be said to 
arise from the last rib, and from the aponeurosis of the diaphragm, by a thin trian¬ 
gular expansion, partly tendinous, and partly muscular (the fibres of the mnscle being 
pale but of the striped kind), and to be inserted into the cornua of the uterus, having 
the same relation to the Fallopian tubes and ligaments of the ovaries as in the animals 
which have a simple uterus. In the Sheep and the Cow the attachments of the round 
ligaments are similar to those in the Dog, and composed likewise of mbseniar fibres 
distinctly striated. Besides striped muscular fibres these ligaments contain numerous 
vessels, also some nerves and absorbents. The arterial trunks are large, but the 
capillaries into which they ultimately divide have the same size and arrangement as 
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these ofordkiarv muede. s Thelyrapfoatica ard> situated on the outer Side oftheliga^ 
to*nt>; tbrirglamlsare eofnetinies of oonsiderablc Ie»gth,and even pass through the* 
exteroai abdomraalrirtg; connecting all tirese part* together,? tkereisa Considerable; 
quantityofareolar tissiie, especially:where the sfcriated muscular fibres are absent, or 
are about to tertninatc. In this part the detection rtf these) fibres will be ferititated 
by 1 examining the part in glycerine, which renders the fibro-edllular tissue more 
transparent without impairing in any considerable degree tbe distinctness of: the 
striated ran sole*. It is generally said that the round ligament passes through tbe 
external abdominal ring, and “ is lost in the cellular tissue of the mons veneris add 
labia pudendi.” It is true that the vessels supplying it, and a nerve, and some lyfii- 
phaticb, and frequently a gland, passthrough the external abdominal ring, butthe 
substance of the ligament is situated altogether above it so as in part to close it, and 
thus to tend very much to prevent the protrusion of intestine at this part, whilst it 
would facilitate its passage through the crural ring by directing it towards Gitansn- 
nat’s ligament; hence probably the reason why females are more liable to femoral 
than to inguinal hernia. ; 

Those who have written upon the office of the round ligaments of the uterus, re¬ 
garding them either as made up of muscular fibres of the same kind as those of tbe 
uterus itself, or considering them as Composed merely of “ Condensed cellular tissue;” 
have considered their office, either as subservient to the process of ntero-gestation, 
or as acting merely as mechanical supports to tbe uterus, that is, as uterine suspen¬ 
sory ligaments. Now the presence of voluntary (striped) muscular fibre in these so- 
called ligaments, proves that neither of these suppositions is correct, since Striped or 
voluntary muscular fibre would be as unfit for the one purpose as it would be Super¬ 
fluous for the other; hence there can he but little doubt that these ligaments, or 
rather muscles, are concerned in some way or other with the act of copulation, rather 
than with those changes which are so slowly induced in the uterus during utero-gesta¬ 
tion. Considering the position of the points of attachment of tbe round ligaments, 

* Besides the structures just mentioned, these fibres are mixed with several pale, and much less distinctly 
striated ones, which resemble in all respects the tissue of the Dartos. The fibres of the Dartos are generally 
considered metelyas fibro-cellular tissue, hut they seem to possess characters by which they can bedistin¬ 
guished from other tissues. These fibres, both from the scrotum and the round ligament, the upper part 
especially, when examined by the microscope in water, appear to be made up of very fine threads of wavy fibre, 
mfced with extremely minute granules or molecules, by which their distinctness of outline is much obscured 
and rendered much less apparent than in the fibres of common areolar tissue; they are also more collected into 
bundles than is fibro-cellular tissue j but these same fibres, when examined in glycerine, become corrugated, 
resembling somewhat striped muscle ; in some instances, indeed, the resemblance is so great, that it is difficult, 
if not impracticable, to distinguish between a bad specimen of striped muscular fibre and a good one of this 
tissue. Common fibro-cellular tissue is not corrugated by glycerine, but only rendered more transparent. 

The distance to which the striped fibre extends towards the uterus, and the degree of its distinctness, differ 
very much in different subjects; in one subject I found it not more than an inch from the uterus. In the em¬ 
ployment of glycerine to uid the detection of striped muscle and the corrugated tissue, it is sometimes neces¬ 
sary to allow these structures to remain in the glycerine a few minutes before its full effect is produced. 
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and the direction of their fibres, it is evident that their combined action will bring 
the nteros nearer to the symphysis pubis, and thus tend to draw it somewhat from 
the vagina, in this way increasing the length of the latter. Now the only way in 
which I can imagine that these changes in the position of these parts assist in sex ml 
intercourse, is by their causing the semen to be attracted more into the upper part of 
the vagina and vicinity of the os uteri. [Since the communication of this paper to 
the Royal Society I have been informed that this opinion is not new, but that this 
view of the use of the round ligament had been published by M. Velpeau*, and that 
it is also partly in accordance with that of MAVGiuBRs-f-.] This supposition seems to 
accord with the position and attachments of the round ligaments in those animals 
in which the uterus extends into the cavity of the abdomen beyond the brim of the 
pelvis, as was noticed in tbe Dog, the Sheep and the Cow, where their action would, 
obviously, be the same in drawing the uterus from the vagina, and in tending 
to elongate the latter, as in the human subject in whom tbe angles of the uterus are 
below the level of the broad ligaments. In such an act tbe muscular fibres of the 
round ligaments could scarcely be said to be voluntary; but still they would be an 
much so as the other muscles concerned in the same process, that is, as those of the 
male organs of generation. In these instances muscles are said to act under excito- 
motory influence, bat muscles which are thus excited have the same structure as 
those more obviously under the control of the will, namely, striped fibres. 

Some observations upon the change which takes place in the Structure of the Uterus 

during Utero-gestation. 

The fasciculi of fibres composing the npper part of the round ligament separate as 
they approach the fundus of tbe uterus, become spread out over its surface, and ulti¬ 
mately blend with its fibres. Although the fibres of the round ligament are generally 
said to be of the same kind as those of the uterus, I have not been able to perceive 
much similarity, either with those of the unimpregnated or the impregnated uterus, 
the fibres in both these states of the uterus being peculiar. The proper tissue of tbe un- 
impregnated uterus is so remarkably dense that there is considerable difficulty in un¬ 
raveling it sufficiently to display the true character of its fibres, and sections thin 
enough to admit of being seen as a transparent object by the microscope, give no 
distinct idea of its real nature. Its characters can be best understood by breaking 
up portions of the uterus with needles, and examining them in glycerine, but still 
they should be first seen in water; also the arteries of the uterus should be fully in¬ 
jected (these are remarkably tortuous, and possessed of very thick coats), otherwise 
the tissue of the small vessels, and the nuclei in the coat of the capillaries, may be 
examined instead of, and mistaken for, the proper fibre of the uterus. Any part of 
the unimpregnated uterus, after having been thus treated, will be seen to be made up 

* Anatomic Chirurgicale, 1833, vol. ii. p. 372. 

t Nouvelles Demonstrations d’Accouckements, p. 62. 
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of fusiform nucleated fibres* contained k* a matrix of exceedingly coherent granular 
matter*. these are well represented in fig. 3* The average breadth of one of these 
fibres, at its dilated or nucleated part, is about Wfcrs^k «t iuch; their length can* 
not he ascertained with certainty, as it is impossible to estimate the degree of curtail** 
meat which they suffer in being separated from the granular matrix in which they lie 
imbedded. Their structure and size are about the same in every part of the uterus from 
which I have taken them, so that they are easily recognizable as; the peculiar fibres 
of the unimpregnated uterus. Now comparing these fibres with those forming the 
walls of the impregnated one, at the full, or at a very advanced period of itnpregoa** 
tion, it will be seen that these fibres are become greatly increased in aizei deprived 
of nuclei, and more loosely connected together; they lie in separate planes, which 
cross each other in various directions; they are accompanied with vessels of various 
sizes, also with more or less fibro-cellular tissue. The size of these fibres is mode¬ 
rately uniform, but those near to the external surface are rather smaller than those 
more deeply seated. A fibre detached from the rest measured about ^jth of an inch 
in length and about Wffiyth in breadth at its widest part; for the breadth varies much 
in different parts of the same fibre, being alternately large and small; at their extre¬ 
mities they taper off to a very fine point; their colour is yellowish, and when minutely 
examined, they appear to be made up of very small irregular granules and extremely 
slender threads blended together without any definite arrangement (see fig. 4). Acted 
upon by acetic acid they give no indication whatever of being nucleated, therefore in 
this respect they differ from the common form of organic muscular fibre*. The two 
kinds of fibres, represented in figs. 3 and 4, were both drawn under the same magni¬ 
fying power, in order to show, by a comparison of their dimensions, that the increase 
which takes place in the individual fibres in these different states of the uterus, is 
quite sufficient to account for the amount of augmentation of the entire organ, with¬ 
out supposing, as some physiologists do, that organic muscular fibres, not present in 
the inactive state of the uterus, are absolutely formed during the various stages of its 
enlargement; it also, besides being supported by the fact just stated, perfectly accords 
with the laws of development, and harmonizes with the changes which are going on 
simultaneously in the walls of the impregnated uterus and its contents;, the unim¬ 
pregnated uterus being, according to this notion, little more than an assemblage of 
embryonic nucleated fibres, wholly inactive, until after the reception of the ovum, 
when, being aroused by an appropriate stimulus, they are called into active operation, 
and become developed simultaneously and proportionally to the development of the 
foetus contained within it, so that when the one has arrived at a state requiring to be 
expelled, the other has acquired the utmost degree of fitness necessary to effect its 
expulsion. Now after the expulsion of the fetus, since, according to the laws of de- 

* Professor Kollikbb has described the fibres both of the unimpregnated and impregnated uterus. The 
latter he has described and figured as having nuclei, which I have never been able to verify although I have 
examined these fibres with the greatest possible care. 
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velopment, It is as impossible that these fibres of tbe impregnated uterus can retur n 
again to their primitive or embryonic condition, as that a full-formed foetus could 
relapse into tbe state of an ovum, they must necessarily become absorbed, and there- 
forea new set of embryonic fibreswould require to be formed forthteentpolisiati df'the 
next ovum, so that each foetus will have, according to this conotasion, its own pecu¬ 
liar expulsory fibres. This viewvjs perfectly in acpor^ppce with tbe late researches 
of Drs. Sharpev and Wbbbr on the membrana decidua; and it agrees with tbe same 
function in vegetables, in which the part corresponding to tbe uterus in animals is 
always cast off after its contents have been brought to maturity, and separated from 
tbe parent plant. 

• •> •'< - 1 •- • i J ■ < ■ ■ V »• m* ■■ ;s. .'Ol.'Ill i 
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Description of the Flate. ••>■■■>■ ■ 
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•< ■ • ■ PLATE XXXIX. ■ 

Fig. 1. Represents some muscular fibres taken from tbe central part ofthe round 
ligament of the uterus of the human subject, where it is situated! between 
the layers of the broad ligament. " 

Fig. 2. Represents some muscular fibres taken from a part of tbe round ligament 
nearer to the uterus than those shown in fig. 1: there the termination of the 
striated fibres in fasciculi of granular ones is shown. 

Fig. 3. Represents nucleated fibres taken from the unimpregnated human uterus, and 
the granular matrix in which they are imbedded. 

Fig. 4. Represents fibres taken from the impregnated human uterus at the eighth 
month of pregnancy. 
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THERE are three perforations which succeed each other along the middle line of 
the base of the cranium in the Crocodilian Reptiles. The hindmost (Plate XL. 
fig. l,t>), situated in the basioecipital^ near the condylp, is the smallest and least con¬ 
stant in size and existence: it gives passage to a vein, which traverses a vertical canal 
in the bone homotypal with the vertical vnspjptw canal'that opens upon the under 
. surface of the bodies of the vertebrae of the trunk. The next foramen in advance,,*; 
is iarge^ and on 'a lower levelit is constafnt^ypresent and is regular in'tig* sue 1 find 
position: it perforates the fore part of the basioecipital close to 1 the'basisphenoid. 
The third or anterior foramen, n, is the largest t 'and opens on astiftlowerplane :it 
is formed entirely by the pterygoids, wln^h it perforates in a forwird direction, tod 
is the posterior aperture of the naistd passages.' j > •! >.r 

There exists a difference of opinion as to the nature of these latter foramina, anjt 
especially as to the function of the middle foramen, e, viz. that which prorates The 
basioecipital close to the basisphenoid. Cuvier describes it in hiscelebrated chapter 
on the Osteology of the Crocodile, in the last volume of the * Ossemens roasMs,’ 
p. 78, 4to, 1824, as leading to “a canal which traverses the hody of thb sphenoid, 
and terminates by two branches opening into the ‘sella turcica,’ and, at p. 133, he 
refers to it in the cranium of the ‘ Gavial de-Caen’ (Teleosaurus cadonensis, Grqffroy), 
as an arterial foramen (‘ le trou des arthres’).” The continuators of Cuvier, in the 
posthumous edition of the * Le 50 ns d’Anatomie Compare,’t. ii. p. 523, describe the 
foramen in question more accurately, as leading to a canal which bifurcates as it 
ascends; one of the branches traversing obliquely the body of the sphenoid, whilst 
the other perforates the basilar part of the occipital, and opens into the cavity of the 
internal ear. They do not state where the branch terminates which traverses the 
basisphenoid*, nor what passes through either canal. 

In the description of the tympanic cavity of the Crocodile^, no mention is made 
of this communication, or of the Eustachian tube, which is described in the Snnriana 

* I use here, and throughout this paper, the English equivalents of the French phrases defining the hones 
of the Crocodile's skull, according to the table of synonyms, No. 1, in my work 'On the Archetype of the 
Vertebrate Skelton/ 8vo, 1848. 

t Op. cft.» tom. iii. p. 512. 

MDCCCL. 3 X 



522 PROFESSOR OWEN ON THE EUSTACHIAN CANALS IN CROCODILES. 


generally as communicating with the palate by a wide and short canal (p. 511). 
But in a supplementary paragraph to Cuvier’s description of the foramina in the 
base of the skull of the Crocodile, the osseous aperture of the Eustachian tube is 
stated to be perforated in the exoccipital, near its junction with the basioccipital, and 
to be situated below the anterior condyloid foramen*. 

In the ‘ Report on British Fossil Reptiles,’ communicated to the British Associa* 
tion in 1841 -f“, I described the foramen in the basioccipital, e, as the common 
terminal canal of the Eustachian tubes, and the foramen in advance of it, n, as the 
posterior aperture of the nasal canals. 

In the ‘ Abhandlungen fiber die Gavial-artigen Reptilian des lias-formation,’ fol. 
1841, by Professors Bronn and Kaup, it is argued at great length (pp. 12,16,24) that 
the median foramen, e, is the true posterior aperture of the nostrils; and a letter 
from Professor Da Blainville, dated December 8th, 1841, is cited by those authors 
in support of their view, in which letter Cuvier’s determination, that it was ‘ an 
arterial foramen,’ is rejected, and Professor Bronn’s opinion is stated to be completely 
confirmed by the appearances in the original fossil skull of the Teleosaurus from Caen, 
described and figured by Cuvier. 

Besides the median foramina above specified, there are several lateral foramina, in 
symmetrical pairs, in the same part of the base of the skull of the Crocodile. One on 
each side the base of the condyle, Plate XL. fig. I, p, is the ‘ precondyloid foramen,’ 
which gives exit to the hypoglossal nerve -. external to this is a larger foramen, t, 
through which pass the eighth pair of nerves and a vein from the tympanic cavity; 
below these, and still in the exoccipital (2), is the foramen, c, described by the con- 
tinuators of Cuvier as the bony outlet of the Eustachian canal; and still lower 
do#n, in the suture between the basioccipital (1) and basiphenoid (5), is the fora¬ 
men, el, which I have not found noticed by any anatomical author. 

The decisive test of the nature of these latter foramina, el, and of the different 
opinions respecting the foramina, c, c, and the median foramina, e and n, was, of 
course, to be sought for in the results of an accurate anatomical examination of the 
parts in the recent Crocodile. I have, accordingly, availed myself of the opportuni¬ 
ties liberally afforded to me by the Council of the Zoological Society, to dissect for 
this purpose specimens of an Alligator (Alligator lucius ) and a Crocodile ( Crocodilus 
acutus) which have died at the Zoological Gardens; the examination being made 
after injecting the vessels of the head with coloured wax. 

The entocarotid arteries (Plate XL. fig. 2, c) enter the foramina (fig. 1 c, c) situ¬ 
ated, one in each exoccipital bone, 2, at the side of the base of the condyle, below 

* " Le trou condyloidien est dans l’occipital lateral, et en dehors de lui est un trou aaeez grand pour des 
vaisseaux. L’ouverture osaeuse de la trompe d'Eustache est an deesous des precedents, ausai dans 1‘occipital 

lateral, et tout pr6s du point de reunion de cet os avec le basilaire et le sph^noide.”_Lemons d’Anat Comp. 

tom. ii. p. 524, 1837. 

f Reports, 8vo, p. 96. 
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the outlet for the hypoglossal and eighth pair of nerves, t and p* In a young Crocodile, 
with a head of eleven inches in length, the common trunk, fig. 2, cc, of both carotids 
is continued along the under surface of the cervical vertebrae as far as the dentata, 
where it bifurcates into the two carotids: these diverge, ascend, inosculate with the 
vertebral artery, v, and subdivide into the ectocarotid, ec, and entooarotid. The latter 
artery, c, at the first part of its course, extends obliquely forwards inwards and up* 
wards, protected by a bony canal, half an inch in length, which terminates by pro* 
jecting freely as a tube of a line in length (Plate XLI. fig. 4, c), opening into the 
cavity of the tympanum beneath the bony plate, 16, to which I have restricted the 
term 4 petrosal *.* The artery emerging from the bony canal extends forward across 
the base of the tympanic cavity, covered only by a reflexion of its lining membrane, 
for about a third of an inch, and then enters a second bony canal, opening into the 
fore part of the tympanum, and continued to the 4 sella turcica,* where the carotid 
enters the cranial cavity, as is shown in Plate XL. fig. 3, c. 

No artery enters the single median foramen, Plate XL. fig. 1, e, situated close 
to the suture between the basioccipital and basisphenoid. The soft palate which 
covers this part, immediately behind the true posterior nares, forms a subcircular pro* 
tuberance with a single central aperture (Plate XLI. fig. 5); this aperture is also 
partly closed by a valvular membranous prominence, x, which reduces its area to a 
crescentic form. This orifice in the soft palate is not, as I had supposed, continued 
exclusively from the bony orifice in question, e, immediately above it; but is the com¬ 
mon palatal outlet of three canals, one of which, e, is median, extending into the bony 
canal, figs. 6 and 7, e, which ascends into the substance of the basisphenoid; the other 
two, el, are membranous for the extent of eight lines, and diverge as they ascend to 
penetrate the fissures, fig. 7, el, one on each side of the larger median foramen, and 
which lead to canals, fig. 7, el, extending upwards between the basioccipital and baai* 
sphenoid. 

From the inferior openings, Plate XL. fig. 1, el, of these canals in the dry skull, 
grooves lodging their membranous prolongations are continued to the common me¬ 
dian fossa into which the middle osseous canal, fig. 7, d, opens by the foramen, e, in 
question. Dissections of the recent parts demonstrated that this foramen, like the 
two lateral canals, communicated by a membranous tube (fig. 5, e) with the surface 
of the palate and would receive air from the mouth. It was next to be determined 
where the air would be conducted by those tubes; and the passage leading from the 
median foramen was first traced. In an alligator with a head 14 inches in length, 
the foramen, e, leads to a canal lined by a continuation of the palatal membrane, 
which ascends along the suture between the basioccipital and basisphenoid, for 
nearly 2 inches, and then bifurcates; one branch inclining forward into the basi¬ 
sphenoid, the other rising vertically into the basioccipital, and both in the same 

* It was probably the observation of this structure in the dry skull that misled the continuators of Cuvier 
into the belief that the canal, c, was the osseous part of the Eustachian tube. 
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medianplane. I followed out the farther course of these canals in the skull of a Oo- 
codilus acutus of about the same size as the recent Alligator. Figure 7, Plate XLI. 
shows the common median canal extending from e to d, where it divides. Each of 
these branches subdivides, and sends its subdivisions, one to the right the other to 
the left, to communicate with the tympanic cavity. The lateral canals, el, which com¬ 
mence below at el, one on each side of the median foramen, communicate with the 
lateral subdivisions, eo, of the posterior or basioccipitai branch of the common median 
o ftnal ; a small rhomboidal sinus, eo', being formed at their point of union, from which 
a short canal is continued to the tympanic cavity. . Thus each lateral canal, el, with 
each posterior lateral subdivision, eo, of the basioccipitai branch of the median canal, 
has a common opening into the base of the tympanic cavity of its own side. Each 
lateral subdivision, es, fig. 6, Plate XLII., of the anterior or basisphenoid branch 
of the median canal opens into the tympanic cavity at es, fig. 10, in advance of the 
preceding orifice. The lining membrane of these several canals here becomes con¬ 
tinuous with that of the tympanic cavity. 

Thus it was seen that no passage from the,median orifice or canal in question, e, 
figs. 1 and 7, between the basioccipitai and basisphenoid, conducted to the nasal 
passages, bnt that all the branches from that common orifice opened into the tym¬ 
panic cavity: at the same time it was demonstrated, that the communication between 
the tympanum and the palate, commonly called the ‘Eustachian tube,’ was more 
complex in the Alligator and Crocodile than had been suspected, or than was known 
to exist in any other animal. It may be described as follows:—From each tympanic 
cavity two passages are continued downward, one from the fore part, Plate XLII. 
fig. 10, es, the other from the floor, ib. eo, of the cavity. The anterior canal, es, passes 
downwards and inwards, expands and again contracts before it unites with its fellow 
from the opposite side at es!, fig. 8, to form a median canal, es! to d, which passes 
from the basisphenoid to the space or broad suture between that bone and the basi¬ 
occipitai, where it terminates in the single subvertical canal, d to e, descending along 
that suture to the median foramen in question, e, fig. 1. 

The opening at the floor of the tympanic cavity, eo, fig. 10, leads to a short canal, 
eo, figs. 7 ond 8, which curves towards its fellow from the opposite tympannm, but 
first swells into the rhomboid sinus, fig. 7, eo', and divides; one branch descends 
almost vertically, el', and terminates by the small foramen, el, fig. 1, in the osseous 
groove or channel leading to the central aperture and fossa; the other branch, eo to 
eo', fig. 8, continues the course inwards and downwards until it meets its fellow at 
the median line of the basioccipitai at eo', and forms the posterior primary division of 
the common median canal, eo to e : this soon joins the anterior division, at d, to form 
that common canal, which then descends and terminates by slightly expanding into 
the foramen, e, at the middle of the fossa between the basioccipitai and basisphenoid; 
which fossa receives also the grooves lodging the membranous canals from the lateral 
fissures. Finally, the three bony canals terminate by their membranous continuations 
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e and e££g.fi,Plate XLI., in the single Eustachian valvular outlet, x, on the soft 
prfottirnencebehuidtbe posterior nares, n. 

Thfl Ctnals from the lateral orifices, el, arepartially divided by a longitudinal ridge 
of boae projecting into them from tbeirunterior wall: and the dilated lateral branches 
of the alisp benoid division of the median canal, ett, are impressed by a longitudinal 
groove. I may also remark, that at the upper part of their piaceof confluence or 
termination, there is a median fossa leading to a small vascular canal. 

The tympanum of the Crocodiles, Plate XLII. fig. 10, is very extensive, by reason 
of the air-cells continued from it, not only into tbe mastoid, but across tbe bast- 
occipital and basisphenoid*, and into the ex occipital, supraoccipital-f, alisphenotd 
and parietal bones 

By tbe dissection of a young Gavial of the Ganges, preserved in spirits, and a com¬ 
parison of this with sections of the cranium of a full-grown specimen, 1 have satisfied 
myself that tbe third median system of Eustachian tubes, as well as the two lateral 
tubes, exist in the Gavials as in the Alligators and true Crocodiles; only in the 
Gavial tbe common terminal canal of the median system is shorter, as is shown in 
Plate XLIf. fig. 9, e, es, eo. 

It appears to have been still shorter in the extinct Teleosauri ; the posterior pri¬ 
mary division of the canal which penetrates the basioccipital forms, in the section of 
the skull of the Caen Teleosaur, a subcircular depression, which is filled with the 
matrix in tbe Parisian specimen. The anterior primary division, answering to es, fig. 9, 
plainly perforates tbe substance of the basisphenoid, as it ascends obliquely forwards, 
and therefore can by no means be regarded as the posterior termination of tbe nasal 
passages, which, in the Teleosauri, are surrounded exclusively by the pterygoids, as in 
all the existing forms of Crocodilia. 

With regard to the homologies of the above described complex Eustachian or 
palato-tympanic air-passages in the Crocodilia, the lateral bony canals, el, fig. 7, ter¬ 
minating at tbe grooves, el, answer to the simple Eustachian tubes of lizards and 
mammals: the median canal, e, d, with its dichotomous divisions, is a speciality 
peculiar to the Crocodilia. 

I forbear, with my present limited experience of the living habits and actions of 
the Crocodilian Reptiles, to offer any hypothesis as to the function of the complex 
canals which conduct tbe air and would convey its sonorous vibrations from the now 
to tbe ear: but one peculiarity I may suggest, as being probably related to tbe struc- 
tures in question, in which the Crocodiles and Gavials differ from all tbe Lizard-tribe, 
viz. that of habitually floating with tbe operculated meatus externus submerged, and 
only tbe eyes and the prominent nostril exposed above tbe surface of the water. Any 
noise in the air that might roach the floating reptile would, under such conditions, 
be conveyed to the tympanum by tbe canals conducting to that cavity from near tbe 

< * On the Archetype of the Vertebrate Skeleton. 8vo. Vax Vooatr, fig. 9, p. 23,1 and 5. 

t IM.S. t Ibid. fig. 19.p. 120, Sand 7. 
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hinder opening* of the long nasal passage ; and it may also be remembered, that there 
is a peculiar valve in the Crocodiles which shuts oil' all communication between that 
passage and the mouth. 


Description of the Plates. 

PLATE XL. 

Fig. 1. A view of the hinder part of the base of the skull of a Crocodile, showing :— 
r. The venous foramen. 
e. The median Eustachian foramen. 

eL The lateral Eustachian foramina (the canal, e/', is laid open on the right 
side). 

7K The posterior nasal aperture, 
r. The carotid foramina. 
p. The precondyloid nervous foramina. 
t. The foramen jugulare. 

1. The basioccipital. 

2. The oxoccipitai. 

5. The basisphenoid. 

24. The pterygoid. The bristle ending at this figure is passed through the 
median canal and right subdivision ofits basioccipital branch through 
the sinus of communication with the lateral canal, which is laid open 
between t and c. 

Fig. 2. A view of an injected preparation of the ( 'mvodilus aeutus , showing the course 
of the carotids re, vertebral artery r, and entocarotid c, to its foramen, 
and through the posterior bony canal into the tympanic cavity. 

Fig. 3. Showing the emergence of the entocarotids, <\ from their anterior bony canals 
opening into the sella turcica, their sinuous course forwards, and conflu¬ 
ence into the single artery continued into the rhinencephalic division of the 
cranium. 


PLATE XU. 

Fig. 4. A section of the skull of a Croeoditus hi/mreafus , showing the free or promi¬ 
nent tubular termination of the posterior bony carotid canal in the tympanic 
cavity; e. a style passed through the canal; 16, the petrosal. 

Fig. 5. A section of tiie bony and soft parts of the palate of an Alligator (AIL Indus), 
showing the posterior nares, the common median valvular aperture, ,r, 
ol the median, r, and the two lateral, et 9 Eustachian canals; bristles are 
passed along the membranous portions of these tubes. 
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Fig. 0. The opposite tide of the same section, showing the median bony Eustachian 
canal, e, the lateral membranous Eustachian canals, el, cut off where they 
join the lateral bony canals, and the pterygoid air-cells, pt, communicating 
with the posterior nares, »,«. , 

Fig. 7- A section of the cranium of the Crocodilus acutus, showing the course of the 
median Eustachian canal, e, to its bifurcation at d, the division of the basi- 
occipital branch, d toco; the course of the left lateral Eustachian canal, el', 
to its communication, at the rhomboidal sinus, eo' , with the tympanic branch 
of the basioccipital division of the median Eustachian canal. 

PLATE XLJI. 

Fig. 8. A vertical section of the cranium of the Crocodilus biporcatus, a little to the 
left of the median line, showing part of the left tympanic branches, es, eo, 
and the orifices, es/, eo', of the right tympanic branches, of the primary 
divisions of the median canal, d to e. 

Fig. 9. A vertical median section of the cranium of a Gavial, Gavialis gangeticus, 
showing the basioccipital division, eo, and the basisphenoid division, es, of 
the median Eustachian canal, e. 

Fig. 10. A vertical section of the tympanic cavity of the Crocodilus biporcatus, show¬ 
ing bristles inserted into the basioccipital branch, eo, and basisphenoid 
branch, es, of the Eustachian tube; c, the entry of the entocarotid canal. 
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XXVIII. On the Structure of the Dental Tissues of the Order Rodentia. 
By John Tomes, Surgeon-Dentist to the Middlesex Hospital . 
Communicated by William Bowman, Esq. 9 F.R.S. 


Received February 19,—Read May 30, 1850. 

In a memoir on the Structure of the Dental Tissues of Marsupial Animals, printed 
in the second Part of the Philosophical Transactions for 1849 , I pointed out certain 
peculiarities in the structure of the enamel common, with one known exception only, 
throughout that order of quadrupeds, and found in other mammalian teeth in a few 
isolated cases only*. 

* Having in a former paper-f- stated that the continuation of the dentinal tubes into 
the enamel appears to be a constant character in the teeth of marsupial animals, 
excepting only in those of the Wombat, I can now add that I have found it to 
hold good in many other members of the families from which I have already given 
examples; and also in members of those families which are not mentioned in my 
paper; and moreover, that further research has exposed no other exception to the 
rule than that which I have already cited. 

I find that in Macropus penicillatus most, if not all, of the coronal dentinal tubes 
are continued into the enamel, and in the latter part of their course are bent rec¬ 
tangularly downwards towards the fang of the tooth. In Halmaturus Derbianus the 
dentinal tubes are continued into the enamel, but are not subject to the terminal 
flexure observed in the preceding example. The dental tissues of the Dasyurus viver- 
rinus closely resemble those of the Dusyuri already described. The teeth of Didel- 
phis californica and Didclphis cancrivora , approach very closely in structure to those 
of the Didelphis virginiana. 

1 atn indebted to Mr. Gould for opportunities of examining the teeth of Myrme- 
eobius fasciatus, Perameles nasuta and Cha ropus . In each of these creatures the 
dentinal tubes are continued into the enamel. In Phascolarctos fuscus , the dentinal 
tubes that proceed towards the tubercles of the teeth are continued in considerable 
numbers into the enamel; but on the sides of the teeth their continuation is less 
frequent. Here the enamel fibres are more strongly marked, and larger than in any 
other marsupial tooth that I have examined. 

Several specimens of fossil marsupial teeth have been examined, and are found to 
correspond in structure with those of the recent species, to which the fossil ones are 
most nearly related. 

November 24 , 1849 . 

t Philosophical Transactions, Part II. for 1849. 
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MR. TOMES QN THE STRUCTURE OF 


It is the purpose of the present communication to lay before the Society results 
obtained from an examination of the teeth of various members of the order Rodentia. 
I have had the opportunities necessary for extended researches in this division of 
Odontography, partly through the assistance of numerous friends, but principally 
through the liberality of the Council of the Zoological Society, who granted me the 
privilege of examining teeth from the duplicate specimens of their large collection of 
skulls. At the time I commenced the investigation, there seemed but little hope of 
finding any strongly marked and characteristic differences of structure in the dental 
tissues of the several families of this order of quadrupeds. The teeth of many rodents 
had already been submitted to the microscope, and the results published*. I had 
not proceeded far, however, in the investigation of this highly interesting subject, 
before it became apparent to me that the family Ilystricidm and the Sect.Hathyergina of 
Waterhouse have a constant and exclusive character in the structure of the enamel; 
that the Sciuridm have another character; that the first and second sections of the 
family Muridac possess a third ; and that the remaining sections of that family possess a 
fourth well-marked character, and the Leporidm a fifth. I am told by Mr. Watekiiouse 
that these results arc of great importance, as affording evidence on the position of 
several species whose place in the order has not been definitely fixed, either by their 
external characters or by the structure of the skull, and hence they have been variously 
placed by naturalists, and even by the same author at different times. 

Before entering on a description of the structural characters that pertain to the 
teeth of the rodential families, or of individual teeth, it will be desirable to state those 
conditions which are common to the whole order, otherwise it would be necessary to 
repeat frequently the same fact. It has long been known that the incisors of Rodentia 
have the property of unlimited growth, and that the rate of growth equals the rate 
of loss by wear; hence the exposed portion of the toot!) is, in the normal state of the 
dental apparatus, maintained of uniform length. The pulp-cavity in a longitudinal 
section of the tooth is irregularly conical or wedge-shaped, and in a transverse section 
corresponds in some measure with the outline of the tooth. The dentinal tubes pass 
from every part of the cavity outwards and upwards towards the surface in more 
or less curved lines. 

The tubes which proceed from the cavity near the base of the tooth, are in many 
cases perceptibly larger than those that are situated higher up; hence it follows, 
that, as the latter were once near the base of the tooth, the dentinal tubes undergo 
a diminution of calibre after their formation. In the teeth of the Sciuridm, I have 
found a difference of size amounting to a third or half between the tubes near the 
base and those near the surface, in wear. Professor Owen has observed that the tubes 
in the posterior or lingual half give off larger and more numerous branches than those 
constituting the anterior half of the tooth. My own observations lead to the con¬ 
clusion, that this difference does not always exist near the surface of the pulp-cavity, 

* Odontography, Prof. Ebdl. 
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but is generally present towards the outer surface of the tooth. The tubes in the 
anterior half gradually diminish in calibre from their commencement, while those in 
the posterior half retain their dimensions until they arrive near the surface, where 
they break up into branches. 

At and near the apex of the pulp-cavity the development of dentinal tubes is sus¬ 
pended. Tiie tooth at this point is rendered solid by the conversion of the pulp into 
a clear laminated subgranular mass, into which very few, if any tubes are continued; 
and the few that are sometimes found are usually small in size, irregular in form and 
direction, and never reach the centre. The ends of the dentinal tubes are perfectly 
sealed up, and their connection with the pulp-cavity and its vascular contents com¬ 
pletely cut oft’ in the manner shown in Plate XLIII. fig. 1. The perfected part of the 
tooth is rendered by this process in the fullest sense of the word extra-vascular. A 
similar condition may be seen in the molars of persistent growth, and offers a striking 
difference to the condition of the rooted teeth, in which the dentinal tubes retain their 
connection with the pulp-cavity until the tooth becomes diseased or dead, or the 
crown worn down by mastication. In the latter case, as the crown wears down, the 
pulp is converted into secondary dentine, in which but few tubes exist, and these do 
not reach a vascular surface like that which lies in contact with the surface of the 
pulp-cavity in the normal state of the tooth. 

Professor Owen *, after describing the manner in which the incisor teeth of rodents 
are developed, says, “The tooth thence projecting consists of a body of compact dentine, 
sometimes with a few short medullary canals continued into it from the persistent 
pulp-cavity, with a plate of enamel laid on its anterior surface, and a general invest¬ 
ment of cement, which is very thin upon the enamel, but less thin, in some rodents, 
upon the posterior and lateral parts of the incisor.” 

The medullary canals described by Professor Owen, pursue a course parallel with 
the dentinal tubes, form a narrow loop, and return to the pulp-cavity. The dentinal 
tubes never radiate from them, but enter through the medium of lateral branches only 
(fig. 5). Hence the teeth so constituted do not form an exception to the law, that 
the incisors of rodents are formed of a single denticle')*, which, exclusive of the enamel, 
is comparable to an Haversian system. 

* Odontography, page 399. 

| It is proposed to restrict the term dentinal system to a canal from which dentinal tubes radiate (fig. 2), 
and denticle to a dentinal system coated with enamel or ccmentum ; and that a tooth composed of a series of 
dentinal systems, each coated with enamel and united into one tooth by ccmcntum, shall be described as a tooth 
composed of denticles. The molars of the Capyhara afford an excellent example of a tooth constituted in the latter 
manner, while the Orycteropus affords an equally good example of a tooth compounded of a series of dentinal 
systems—a tooth in which we have a number of medullary canals from which dentinal tubes radiate, the terminal 
branches of which inosculate with the terminal branches from neighbouring systems, either by confluence or the 
intervention of small cells (fig. 2). Teeth composed of a series of dentinal systems mayor may not have an external 
investment of enamel; in the Orycteropus enamel is absent, while in the Labyrinthodon , Varanus and Lepidosteus , 
it is present near the upper extremity of the tooth, The dentinal systems commonly run into each other at some 
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the same mating as in the inciSorS. 1 This'bekntffiil pfbvision of‘fiettftre 
fitf'teWaittg solid arid extra-vascular parts that are about to be expoisid Id triebbri ’ 
uirial abrasion from external objects, is not confined to the teeth of r'o&ntk, or W 
dental tissues alone. , 

The Orycteropus has teeth which are permeated by a series of canals, which take 
a parallel course at tolerably 1 regular intervals in the length of the tooth. From each 
canal a system of dentinal tubes radiates, the terminal branches of which inoscrilate 
with corresponding ones from neighbouring systems. In the protruded portion of 
the tooth, the medullary canals are rendered solid by the development of a Clear tton- 
tubular tissue, whereby the once open extremities of the tubes are closed (fig. 2). 

The teeth of reptiles of the genus Varanus are at their middle part and base com¬ 
posed of a series of dentinal systems, as are those of the Labyrinthodon * (fig. 3). In 

parte, in &e same manner a* the Haversian systems do in bone. But there are many instances in which parallel 
dentinal systems are united to each other, throughout their whole length, by a thin longitudinal lamina of den¬ 
tine, the tubes of which belong as much to the one as to the other system, while the free parts of each system 
are coated with enamel, and this with cement. The molar teeth of the Water-Hat and Ondatra offer good ex¬ 
amples. It is desirable to have a term to express this condition ; confluent denticles would, I think, answer the 
purpose, and confluent dentinal systems where a like condition is observed, without the presence of enamel or 
aem^wtum as a uniting medium, 

* It has been usual to describe the tooth of the Labyrinthodon as being divided into numerous compartments, 
by tortuous inflections of the cementum from the surface towards the centre. I believe [t is admitted by 
writers on Odontography, that when enamel and cementum are present in the same tooth, the latter tissue 
holds a position external to the enamel. Professor Owen, in his paper on the teeth of the Labyrinthodon, 
printed in the Geological Transactions, says of the Ichthyosaurus, " In this extinct Saurian the external layer of 
cement (far the enamel ceases at the base of the crown) is inflected at pretty tegular distances around theebr- 
cpmference of the tooth towards its centre; ” then again, “ The plan and principle of the structure of the tooth 
of the Labyrinthodon are the same as those of the tooth of the Ichthyosaurus, but are carried out to the highest 
degree of complication,” But in a beautiful series of sections of the tooth of the Labyrinthodon Jaeyert in the 
possession of Dr. Mantell (to whom 1 am indebted for their use), it is clearly shown that the division of the 
tooth into numerous compartments takes place within a general investment of enamel, external to Which the 
cementum would be placed if itmtisted on this part of the tooth. . > } , -. . «,,, 

The inflections of the cementum, observed by Professor Owen in the tooth of, the Ichthyosaurus* ap^l com¬ 
pared by him to the supposed inflection in the tooth of the Labyrinthodon, take place, as he obs^rves. belcpv the 
terminal line of the enamel; hence fhe two cases do not admit of comparison. Similar cells to those which 
occupy the line which lie between the dentinal system and serve os a medium of connection between the den¬ 
tinal tubes of adjoining systems in the latter animal, are found in equal or even greater number* near the 
periphery of the dentine, and within the enamel of very many teeth. Hence the presence of these qells in the 
tooth of the labyrinthodon is not sufficient to prove the existence of cement between the dcmtixif4,syftema > unless 
it 4s at the same time shown that they are external to the enamel, or that that tissue is absent* The tooth of 
the Labyrinthodon is in truth made up at its apex of a single dentinal system coated with enamel ;, below? it is 
divided into numerous systems, which have a peculiar and characteristic outline and position.; Each system 
usually coalesces at one part of its circumference with a neighbouring system, by a narrow vertical process of 
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flfr l^i Dnudrvjdwj,, the Lopidogteus, ,Mybohal<!8,jafld shank* jof 
«owpo*ed of a. series, of tfeojinul system* Intdlof ttheset^ 
0 RWP^r Witte* pf, 1 he dpntM fcubes are clqsed, previous. ,fo, hbephrtj bpihg «Wffrt! 
tyiftWh) -4 ^mUgrtccpditipn, it* a beautiful state of pre^v,vat.W, is>!fo»n4 io maqy. 
fqstilflsb, ti^b*,,especially in the Cestracion* I cannot refrain fpw, noticing one' 
other, instance ofthis condition. Tbeantlersof the Stag are cwnposed of Haversian 
systems of medullary or vascular canals, surrounded by concentrio.lnOfUn^, of,osseous 
tissue, interspersed with lacunae, the canalicidi of which anastomose freely, and those 
situated near a vascular canal terminate > by open mouths on its surface, Previous 
to the sheading of the antler, each of the larger canals, becomes lined with a, Inyef flf 
transparent, dense and almost structureless tissue,, which completely closes the mouthy 
of the canalieuli and cuts, off the connection of the elaborate system of tubes and lar 
cunse with the vascular canals (fig, 4)., <, ( 

The division of the enamel of the incisors into two layers, described by Professor 
Owen, 1 have found common throughout the order, excepting in the incisors, of the 
Hares and the Rabbit: the Lagomys I have not had an opportunity of examining, 
but from their close relation to the Hares, it is more than probable that in their in¬ 
cisors the enamel is not divided into an outer and inner layer. 

The term layer is open to objection, as the two parts are made up of continuous 
fibres. In the inner part they decussate, while in the outer they are parallel, but their 
continuity may be distinctly traced (fig. 6 to 50). In the molars of many Hystricine 
teeth, the usual order is reversed; in the inner portion the fibres are parallel, and in 
the outer part of the enamel they decussate. 

Professor Owen, in the passage cited, and in other parts of his great and valuable 
work, states that the cementum is continued over the enamel in the incisors of ro¬ 
dent* and objects to some of Professor Erxxl’s figures printed in bis work on the 
Microscopic Structure of the Molars of Rodentia, because this tissue is left out. He 
says Professor Retztus failed to recognize the cementum from its being coloured. 
Professor Owen*, in bis description of the incisor of the Water Vole, says, “ The layer 
of cement becomes thinner at the margin of the enamel, where it is continued from 
the dentine upon that part, hut soon increases in thickness, acquiring the bright brown 
tint, and separated by a well-defined line from the outer clear layer of the enamel.” 

I have sought With care for cementum on the anterior surface of the incisorsof 
the Water Vole, of which the foregoing quotation is a description, and also in num¬ 
berless other teeth, but have failed to find that tissue. In most, if not in all incisors 
of rodents* cementum may be seen investing the posterior surface, and it may be traced 

dentine, much in the same manner as the confluent denticles of the molar teeth of Rodentia are united. In the 
teethof the’ Lepidottevs and Lizards of the genus Variants, the dentine of the middle and basal portions is divided 
into systems somewhat in the same manner as in the Labyrinthodon, and in the upper part of the tooth Within 
a genend circumferential investment of enamel. I have in my possession sections Bom two species of Varanue ' 
V. BUM tod V. tfitoitui, in which this point is ittcontrovertibly shown. I atn indebted to the kindness of 
Dr. AtMtnaW SKith for the teeth of these species, * Odontography, page 405. 
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cm to the edgeaf jtbe enamel, where it speedily thins and is lost. The bright torown 
coloured part is very distinct in many teeth, and when the section is thick sad s little 
oblique looks liken distinct layer; but if the section be reduced in thickness, all ap¬ 
pearance of a layer will be lost. The colour graduates insensibly into the enamel, and 
no defined line of separation between the coloured and colourless parts ean be di¬ 
stinguished. The colour has the aspect of a stain, deepest at the surface, and biding as 
it proceeds inwards. In a favourable section, the enamel fibres may be traced 
through* the coloured part to the surface of the tooth, as shown in many of the figures, 
bn the molar teeth of continuous growth, the cement may be traced over the whole 
surface of the enamel, and as a thin transparent layer devoid of lacunae. In these 
teeth it is however separated from the enamel by a sharply-marked boundary line. la 
no instance have I found it graduated into the latter tissue in the manner Professor 
Owen supposes it to be in the coloured external portion of the enamel of the incisors. 
In the incisors of the Wombat, the cementum is continued over the enamel, but 
tbe two tissues are separated from each other by a sharply-marked line. The 
cementum is nowhere graduated into, or “blended with*” the enamel. It is more 
than probable that tbe thin transparent and almost structureless basement tissue 
of the enamel-pulp becomes calcified with the attached columns of the pulp itself, 
but this tissue is quite distinct from the cementum matrix, and exists in those teeth 
in which we have an external investment of cement. 

The rootless molars of rodents have generally a very close resemblance in structure 
to the incisors, especially in the structure of the enamel. Bat the rooted molars are 
less like the front teeth, and in many instances cannot be distinguished by their 
structure from other small teeth. In tbe Rat-tribe, however, the enamel near its 
terminal edge assumes an arrangement similar to that of the incisors. In those molars 
which have an intermediate character, the structure of the enamel in the upper part 
of the tooth resembles that of the rootless molars-f-. 

* Odontography, page 405. 

t In describing individual teeth, it will be necessary to repeat frequently the same expression, I will therefore 
state once for all the meaning X attach to each terms. Thus by a vertical or longitudinal section of an incisor, 
I mean a section from back to front through the median line of the long axis of the tooth; by an oblique section 
through the long axis of the tooth or oblique longitudinal section, I mean that the section should pass from the 
mesian side of the anterior to the outer side of the posterior surface of the tooth, or vice vend; by longitudinal 
section from the anterior surface, I mean a section by which a portion of the anterior convex surface is removed 
with a portion of enamel at each end of the section; by a transverse section, a section at a right angle with the 
long axis of the tooth; by an oblique transverse section, or a section parallel with the surface in wear, a section 
crossing the long axis of tbe tooth obliquely from back to front. The surface in wear wiU be described as rim 
upper surface, both in upper and lower teeth; and the angle at which the enamel layer leaves the dentine* will 
be that formed between the enamel lamellae and the surfaces of the dentine immediately above them. 

When the thickness of the enamel and tbe dentine is given, the measurements will be taken from back to 
front, throuhg the centre of the long axis of a transverse section. 

Teeth obtained from the Zoological Society are indicated by tlie Society's name being affixed to, the name of 
tbe species. 
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in (3>e fenem Sciurvs sad Ptehmtysj I bare examined the dental tissues ef nattn f 
species, bad find the teeth so tike the one to the other, that the microscope affords ho 
aid in the distinction of species. Under these circumstances it will he necessary to 
describe minutely the structure of the component tissuesbf the teeth of one species 

Smtrus niger, Linn. (Zoological Society).—The anterior surface of the incisors is 
coated with an extremely thin layer of enamel, scarcely exceeding in thickness the 
428th part of an inch. The dentine measured from the front to the back, is about 
the 8th part of an inch in thickness. A longitudinal section, taken from the centre 
of an upper incisor, exhibits the dentinal tubes in their length. Those destined for 
the anterior half commence at the surface of the pulp-cavity, and proceed with slight 
secondary undulations, and a decreasing calibre upwards towards the enamel. Xn 
the earlier part of their course, a few short, minute, rectangular branches are given 
off, and are soon lost; but when nearing the enamel, the tubes break up into a lash 
of branches, which pass onwards with but slight divergence, and after becoming ex¬ 
cessively minute, are lost at the juncture of the external tissue; a few, however, ter¬ 
minate by forming loops. The dimensions of the dentinal tubes vary at different parts 
of the same tooth. At the lower part of the pulp-cavity the tubes destined for the 
anterior and posterior surfaces have a diameter of the 6000th of an inch, while those 
that proceed from the upper and narrowed part of the pulp-cavity, and from the cen¬ 
tral line of the solid part of the tooth, seldom exceed the 14,000th of an inch, and are 
often reduced to a scarcely perceptible line. Usually they do not preserve tbis small 
size, but quickly dilate to the 10,000th or 12,000th of an inch; these conditions are 
not however peculiar to the teeth of this group. The tubes that form the posterior 
part of the incisors give off branches pretty freely throughout the whole of their 
course, and when near the sutface break up into a rich plexus of anastomosing tu¬ 
bules, in addition to which they occasionally dichotomize. Many of the ‘earlier 
branches are small and short, but a few are large, go off at a right angle, and may 
be traced for some distance crossing the coarse of the neighbouring tubes. In the 
median line of the sides of the tooth, independent of the secondary carves or undula¬ 
tions, the dentinal tubes pursue a tolerably straight course, as do those in the median 
line of the anterior and posterior surface. But the dentinal tubes of the anterior 
halves of the sides describe one large curve, the convexity of which is turned towards 
the anterior surface of the tooth; and those composing the posterior part of the tooth 
follow a similar curve, the convexity of which is directed towards the posterior sur¬ 
fac e ; similar relations between the tubes and the several parts of the incisor may be 
observed in the teeth of other rodents. 

Professor Owen*, when treating on the teeth of rodents, says, “The substances of 
the incisor diminish in hardness from the front to the back part of the tooth; the 
fnain vl consists of two layers, of which the anterior and external is denser than the 

* Odontography, page 399. 
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postering Skyeri**'" He does not However anywhere ^ttrte thatf tbeliWisom'^ff’SeW- 
ridfie have' aby strubturkl peculiarity re&identiir the ehamel,’by whiebfchdlr tbeth ttfe 
distlngmshedfrom thoSe of Other rodents‘; neither Ufa-I atrare thatany sabs t fy tet ft 
antborhasnoted its* ekistertcte.' NeVOrthelesSso'grijtiit a pieolktrity eitiStrf'tHrn^tobt 
this family of Rodents, that aVerticai section of dn incisor, eifhfeT of&S&hiril&'SPt&ti. 
k$»," TamihA dr SpWinophilus^' hiky be * recognised ttt ; first sight 1 US' bei0ngiUg'' y t?O'fbb 
ftimHy'Sciurida;. 1 1 “ ' ‘ : ‘ ' - ..i ■ - -J-W^ .'wilJwi. 

It has been usual to describe the enamel fibresfrorh the view Obtained !i fh OldUg?- 
tndinal section of the todth, from which circntnstancethe true structure has'not 
been recognized: The supposed fibres are composed Of Ihyers of fibres, dttdehkJhlayer 
of a single series, the fibres Of which are parallel to each other, and at tight Afigfes 
with those Composing the layers immediately above 1 and below. In the outer part Of 
the enamel the fibres of all the layers become parallel, and the lamination ceaSes. '’ 

The enamel layers, as seen in a vertical section of an incisor Of Sciunis jrfgiet'/and 
portrayed in fig. 6, are about the 6000th of an inch in thickness, and'havfe straight 
and even margins. They form a right angle with the surface of the dentine, increasing 
Slightly in thickness in their course outwards (fig. 6E). Each layer is'cOmpOSieii of 
a Single series of squarish fibres, laid side by side, and closely united. DUrirtgthe 
first part of their course they are straight and parallel, and proceed to the' right iti 
one layer and the left in the next, at such an angle as to produce a square'pattern 
Over the inner part of the enamel. The appearance thus produced in the central part 
of the enamel of a transverse Section is shown in fig. 7E. On the side : 6f the IfidSOr 
the decussation is less strongly marked, and at the thin terminal edges is'almost lost. 
The fibres, after traversing in a diagonal course in the horizontal plane 6f the tooth 
two-thirds of the thickness of the enamel, turn abruptly upwards and Outwards af an 
angle Of 45 degrees with their original direction. In this, the outer third of their 
course*, the whole of the fibres become parallel, and in proceeding outwards make a 
gentle curve, the convexity of which is turned towards the catting edge oftlietoOth. 
In the change of direction, the fibres which have followed a diagonal course nifike 
an angle not only in the vertical, hut in the horizontal plane of the tooth,wbfle‘ those 
situated nearthe terminal edge of the enamel are bent in the vertical plane Only. l(! 

The colouring matter resident in the enamel of the incisors of squirrels, IS sebn ln 
a thin transverse section to be confined to the outer third, and looks like a Stain in 
the terminal ends of the fibres, which diminishes in intensity from withoutin#Ards 
Until it is lost. • ’>■■’ >»*«• 

In a vertical section through the centre Of an incisor, viewed by transmitted fight, 
the superimposed laminae of enamel fibres will, to an inexperienced feye 1 , UppeAr hs 
parallel fibres; a little patience will however enable the observer toseethafriicyme 
composed of fibres cut obliquely (fig. 0 E). In places, faint transverse markings Will 
be seen, which indicate the oblique sections of the fibres. Not anfrequetitiy,h<rirevfei‘, 
the lateral union of the fibres is so perfect, that in the layers near the cuttliig'Ctigg'bf 
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the tooth do transverse marking can be traced. If a section be made obliqu,elyJn 
the vertical plane of the tooth, so as to cut the fibres of one set of layers in thejr 
length and the others transversely, we shall have straight fibres with intervening rows 
of fibres cut across (fig. 8 £). If the section be taken from the protruded portion of 
the tooth, the cut extremities will be nearly square; but if it be taken from near the 
base, where the enamel has not attained its full solidity, they will bare a less regular 
outline. Sections of this kind show that the fibres are a little longer than broad, and 
that the longer axis is placed in the length of the tooth. 

A vertical section will however show most strongly the peculiarities that belong to 
this family of rodents, namely, the small relative amount of enamel, the uniform cha¬ 
racter of the layers, the uniform lines that mark their junction, and their straight and 
rectangular course outwards from the surface of the dentine, together with the angle 
at which they are bent in the external portion of the enamel. 

An incisor in which these several conditions of the enamel are found to exist, may 
I think be safely pronounced to belong to a species included in the family Sciuridee, 
and in all probability a member of the genus Sciurus or Pteromys. 

The molar teeth of S. niger present no sufficient peculiarity in the structure of the 
dentine to render a description necessary. Neither can I find any point of difference 
worthy of notice in the corresponding teeth of S. vulgaris, capistratus or cinereus. In 
S. erythropus the dentinal tubes are continued, the 1500th of an inch, into the enamel, 
and in this short course branch in the manner shown in fig. 11 E. I have not found 
this peculiarity in any other squirrel which has come under my notice. 

The cementum of the molar teeth is not very abundant, even at the extremity pf 
the fang; I cannot discover that it is continued over the surface of the enamel. , If 
a vertical section of a molar tooth from either of the species I have named be care¬ 
fully examined, it will be seen that the cementum, where it commences in a thin layer, 
at the neck of the tooth is composed of uniform rods, directed from without inwards 
and a little downwards. When this tissue is thicker the rods are seen near the sur¬ 
face, but are lost amongst the lacunae aud their canaliculi. The cemental rods arc 
subgranular in structure, and exceed the enamel fibres in dimension. They average 
the 3450th of an inch in diameter, and are portrayed in fig. 10 C. I am not aware 
that this character of the cementum has been previously noticed, it is not however 
confined to the molars of the Sciuridse. 

In the molar teeth of Squirrels the enamel is far less peculiar than in the incisors, 
and offers no strongly marked characters by which the teeth can be recognized. 'The 
fibres are less regular in form, less clear and transparent, and less free from minute pells 
than in the front teeth; neither have we a terminal portion taking suddenly an altered 
directionnor is there any evidence that the fibres are arranged in parallel layers 
transverse to the lpng axis of the tooth. Their course is however, throughout, more 
pi* less waved; and although many cross each other, yet all dp not; and when they dp, 
the definite and constant angle preserved in the incisors is. not observed in the molar 
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teeth. A vertical section of a molar of S. niger exhibits the usual characters of the 
dental tissues in these teeth (fig. 9). In S, cinereus the enamel fibres are in a ver¬ 
tical section, seem to be minutely granular, well-marked, and subject to one or two 
gentle curves near the surface; they are in the outer part of the tooth very strongly 
marked, from being highly granular, and less perfectly united laterally than in some 
other teeth. 

Tamias Lysteri, Rich. (Zoological Society).— I have been able to procure a lower 
incisor only of this creature. The structure of the tooth very closely resembles the 
incisors of squirrels: the dentine is similar, as are the enamel layers both in shape 
and arrangement; and the component fibres of the contiguous layers cross each other 
at the same angle. The decussation however ceases, and the parallel arrangement is 
assumed in about the middle of the enamel; this difference, if found constant in ail 
the species, will serve to distinguish the Tamias from the Squirrels. 

Spermophilus (Zoological Society).—The structure in the incisors of this animal 
deviates a little from that in the Squirrels; in thickness, the enamel, as seen in 
a transverse section, is about 300th and the dentine the 12th of an inch ; the dentine 
is much the same as in the genus Sciurus, excepting that the dentinal tubes of the 
anterior half of the tooth measure about the 7500th of an inch in diameter, while in 
the posterior half they average the 6000th of an inch: the enamel is different, and 
advances a step towards another type. The enamel layers incline upwards at an angle 
of 78°, instead of preserving the rectangular position, and they are less regular in their 
course, and less uniform in size than in the former genus. A transverse section shows 
that the component fibres of the adjoining layers decussate one another throughout the 
inner half of the enamel, and then become parallel. An oblique section in the long 
axis of the tooth will expose alternate straight fibres and rows of ends of fibres cut 
transversely; and in the latter it may be observed that they have an oval rather than 
a square section, the long diameter of which is one-third greater than the short; this 
i6 best seen near the cutting edge of the tooth. If the section be taken from near the 
base, the fibres in their transverse section are more circular, less compressed, and much 
less intimately united to their fellows, while at the opposite extremity of the tooth 
they are so closely connected, that in places the enamel seems a dense transparent 
structureless mass. 

The enamel layers in a vertical section have a thickness of about the 5000th of 
an inch. In a transverse section, the fibres have a diameter of about the 10,000th of 
an inch in their smaller, and the 5000th in their greater diameter. 

Arctomys JEmpetra, Schreb. (Zoological Society).—In a lower incisor the enamel 
has an average thickness of 75th of an inch, and the dentine the ^th of an inch. The 
dentinal tubes have an average diameter of the 10,000th of an inch: I do not find any 
difference in the dimensions of the dentinal tubes at the anterior and posterior parts 
of the incisor. They terminate at the enamel in a peripheral layer of minute irregular 
cells, much in the manner shown in fig. 12 and 13. Those directed towards the back 
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part of the toothy m the terminal fifth of their course, form a rich plexus of branches, 
and finally terminate in minute irregular cells. Then comes a thin investment of trans¬ 
parent cementum, which terminates at the margin of the enamel. The dentine is 
dotted throughout with fine cellular markings, which seem to indicate the form of 
the ceils of the dentinal pulp previous to its calcification, and give a coarse appearance 
to the tissue. The dental tissues of this tooth are not distinguishable from those of the 
next species. 

Arctomys pruinosus, Gmel. (Zoological Society),—In an upper incisor the enamel 
averages the 75th, and the dentine the 5th of an inch ; as the dentine closely resem¬ 
bles that of the Qnebec Marmot, the description need not be repeated. The enamel ex¬ 
hibits a considerable departure from that of the Sciuridae, though not wholly different 
in type of structure. The fibres in the first part of their course are arranged in 
parallel layers, which have a thickness of about the 4580th of an inch, as seen in a 
longitudinal section and illustrated in fig. 12 E. The layers lie at right angles with 
the surface of the dentine, and extend across the inner two-fifths of the enamel, at 
which point the uniform lamelliform arrangement is broken up by a change in the 
direction of the component fibres. In a transverse section of the tooth the component 
fibres of the enamel layers are seen arranged in a single series, lying side by side, and 
crossing those of the adjoining layers at an angle so as to form a diamond pattern 
over the inner part of the tissue (fig. 13). The decussating fibres of the superimposed 
layers, after traversing the inner two-fifths of the enamel, change their direction, be¬ 
come more parallel, and in waved course advance upwards and outwards till they 
reach the surface of the tooth. But although the course is much more parallel in 
the outer three-fifths than in the inner two-fifths of the enamel, yet if the focus of 
the instrument be carefully changed, alternate layers of fibres may be seen crossing 
each other at an angle to form very elongated and irregular diamond-shaped figures. 

The line at which the change of direction takes place is not definitely marked as in 
the Sciuridae and many other rodents. In a longitudinal section, it will be seen that 
the fibres in the terminal part of their course are directed upwards at an angle of 
70 ° with the surface of the dentine, and that small cells are scattered through this 
part of the enamel. In addition to these minute irregularly disposed cells, lines of 
cells may be seen commencing at the surface of the dentine, pursuing a curved course, 
and finally crop out at the surface of the enamel: I have not seen similar out-cropping 
lines of cells in the enamel of any other rodential teeth. The enamel fibres may in 
a transverse section be traced through the coloured portion of the enamel to the sur¬ 
face of the tooth. 

Castor fiber, Linn, (Zoological Society).—In an upper incisor the enamel is about 
the 100th and the dentine the 5th of an inch in thickness. 

It has been observed by Professor Owen, that vascular canals are continued from 
the pulp-cavity a short distance into the dentine. In the specimen before me, the 
middle third of the dentine is traversed by vascular canals, which turn short upon 
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themsclvesand return to the pulp-cavity not far from whence they started/' The 
canals ir radiating from the palp-cavity pass directly outwards tad alktle upwards 
parallel, with the course of. the dentmal tubes, excepting wberetheytum torevevte 
their course, in.doing which they do not occupy more than twice or thrice their®wn 
diameter. I have not observed that they ever branch or anastomose whir neigh*, 
bopring canals; many indeed so quickly return to the pulp-cavity, that there would' 
scarcely be space enough for branching, while others advance a considerable distance. 

The dentinal tubes destined for the anterior part of the tooth commence with a 
diameter of about the 7500th of an inch and give off branches in the earlier part of 
their course, which connect themselves with the vascular canals. The disposition to 
branch ceases however after they have passed the vascular portion of the dentine, 
and is not resumed until they come near the enamel, when they form a plexus, towards 
the surface of which is a layer of elongated cells, placed obliquely both to the course 
of the tubes and the surface of the dentine; the cells are shown in their relative po¬ 
sition in fig. 14. Previous to the formation of the peripheral plexus, the dentinal 
tabes make several curves in a contour line with the length of the tooth. This point 
is not 6hown in the figure, as it occurs internal to the part represented. The 
dentinal tubes of the posterior part of the tooth commence with a diameter of about 
the 6000th of an inch. 

The vascular canals measure from the 750th to the 2500th of an inch in diameter. 
Those situated near the worn surface are the smallest, from being lined or filled with 
a transparent tissue, into which the branches of the dentinal tubes do not penetrate. 

In the enamel we find a further deviation from the Sciuroid type than was observed 
in the Marmots. The layers of enamel fibres no longer lie at a right angle with the 
surface of the dentine, but are directed upwards at an angle of 60°, and moreover de¬ 
scribe a slight sigmoid curve, which terminates a little short of the centre of the 
enamel, from whence the fibres become parallel and proceed at an angle of 30° with 
the surface of the dentine. These appearances are best seen in a longitudinal section, 
and are shown in fig. 14 E. In a transverse section made parallel with the course 
of the layers, as seen in a longitudinal section, the arrangement of the fibres composing 
the layers becomes apparent. Each layer is composed of a single series of fibres, 
which pass in straight lines alternated to the right and left in the adjoining layers, 
and produce an infinite number of minute square tracings over the inner portion Of 
the enamel. When near the middle the decussation ceases, the fibres become parallel 
and proceed upwards and outwards; but instead of proceeding directly outwards, 
they bear towards the median line of the skull, as shown in fig. 15. In examining 
the fibres in the terminal part of their course, a section must be made parallel with 
their length. 

The enamel fibres, as seen in a transverse section, measure about the 6000th of an 
inch, and may be traced to the surface. 

Professor Owhn says, “ In a transverse section of the incisor (of the Beaver), the 
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dsiffincttan between the two layers of enamBliB stilltnore obvioCBr tim fibres'6f the 
inner 1 baity being tent across^ gi vBthe appearance of 'flrte deettssatioh, oblique lines ; 
while thoseof the cater half run transversely to the Surface, andare crossed by traces 
of eoneentrio layers *.” Thatthe appearance of decussation herettiBhtibned is due to 
the crossing of fibres, and not to the direction of thesectroii, is pBoVBd bCyond dohbt 
by taking a thin transverse section and'breaking it across the centre, When the fibres 
of thelayersincluded in the sebtion may be viewed projecting from the broken edges; 
or it may be even more distinctly demonstrated by removing a little Of the partially 
calcified enamel from the lower portion of the tooth, and placing it with a drop of Water 
between two pieefes of glass. 

In the dentine of the molar teeth of the Beaver, I can find no characteristic pecu¬ 
liarity that needs description. The root of the tooth is composed partly of cementum, 
into which the dentine graduates, and through which vascular canals lead to the pufp- 
cavity. 

The fibres of the enamel correspond in arrangement with the external portion of those 
which form the enamel of the incisor teeth, and like them have a greater and less 
diameter, the former of which is placed in the length of the tooth. 

The enamel fibres are usually directed upwards at an angle of 30° with the surface 
of the dentine, and near the surface curve a little outwards; but they may be found 
in some parts of the tooth making two slight curves before arriving at the surface. 

Near the upper part of the tooth the fibres are so closely united, that the enamel 
in places seems almost structureless; but toward the roots, and where it is reflected 
into the depressions, the fibres are sufficiently distinct to be examined and measured. 

The enamel, where it attains its greatest thickness, is marked by oblique lines, 
which proceed from within outwards and speedily crop out on the surface. They 
appear to result from a difference of density rather than from the presence of minute 
cells, such as are found in the incisors of the Marmots. 

The cementum of the molars is granular, plentifully supplied with lacunae, and 
arranged in concentric laminae round the vascular canals and the roots of the tooth; 
here and there a slight tendency to the arrangement in rods, similar to that of the 
Sciuridse, may be observed. 

Spaiax typklus, Pall. (Zoological Society).—This animal, though placed by Mr. 
Waterhouse in a section between Murina and Arvicolina in the family Murid*, 
resembles the Beaver in the structure of the enamel more closely than any other 
animal, which circumstance offers a sufficient reason for describing the dental tissue 
in this place. 

In an‘upper incisor the dentinal tubes present an oval transverse section with tbe 
long diameter placed in the long axis of the tooth. The long diameter attains the 
5000th, While the short diameter does not exceed the 10,000th of an inch. In their 
passage outwards they describe a sigmoid curve, with the general direction a little 

* Odontography, page 407. 
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upwards* and from their commencement at the pulp-cavity give off rectangular 
branches which take a downward course. When near the enamel, the dentinal tabes 
bend upwards and emit branches from the convex sorface only, as shown in fig. 16 D. 
These are lost at the junction of the enamel and dentine, and terminate without the 
presence of peripheral cells, such as are found in the Beaver. 

The enamel in the inner part of the tissue is arranged in transverse layers, which 
in a longitudinal section are seen to proceed from the surface of the dentine at an 
angle of 73°. Each layer measures about the 6000th of an inch in thickness, and 
extends about half-way to the surface, where the component fibres of the different 
layers assume a more parallel arrangement. The layers in a favourable section have 
even margins, but if the section inclines slightly from the centre of the tooth in either 
direction, the margins will be a little irregular; indeed this observation applies with 
equal force to similar sections of other rodential teeth. . 

In a transverse section the contiguous layers cross each other at a right angle, and 
at places look as though plaited, as in the Seiuridee. In the outer division of the 
enamel, the fibres proceed in straight lines to the surface (fig. 17). An oblique sec¬ 
tion in the length of the incisor will expose alternate layers of straight fibres, and 
fibres divided transversely; the appearances thus produced are delineated in fig. 16 A. 
On the whole, the enamel is more transparent and the structure is less distinctly 
marked than in any other incisor I have as yet described; indeed the peripheral 
division in a longitudinal section frequently seems structureless. 

The enamel varies a little in thickness in different parts of the tooth, the average 
being about the 200th of an inch, the inner or decussating and outer or parallel being 
nearly equal in breadth. 

The rooted molars of tfie Spalax present a slight structural resemblance to those 
of the Sciuridse. The dentinal tubes leave the pulp-cavity with about the 7500th of 
an inch, which is preserved till they arrive near the enamel. In the upper and middle 
part of the tooth the tubes describe a sigmoid curve in passing outwards, and give 
off branches during the two outer thirds of their course. In a longitudinal section, 
the enamel is seen to be composed of fibres which pass upwards and outwards with 
a slight curve, and have a diameter of the 6000th of an inch. 

The cement resembles that of squirrels’ molars in being composed of rods arranged 
transversely to the length of the tooth. 

Iu the family Muams of Waterhouse *, a distinguishing character in the enamel 
runs through the various sections, excepting the three first, the fifth and seventh, and 
in the first of those (genus Myoxus) it exists partially. The teeth of the Dormiee 
are in structure intermediate between those of the Squirrel-tribe and the Rat-tribe. 
The incisors of the Jerboas are however wholly different from any other members of 
this family, and the incisors of Bathyergina resemble those of the Hystrieidee. The 
Spalax I have already described. 

* Johnston’s Physical Atlas. 
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Myoasus avellanarius (Linn).-*—I n the upper incisors of the Dormouse may be ob¬ 
served the first indications of the peculiar arrangement of the enamel layers, which 
holds in the great majority of the members of the family Muridse. 

The arrangement of the component layers of the enamel is, however, not alike in 
the incisors of the upper and lower jaws; lienee a description of each is needed. 

In the upper incisors, the enamel is composed of flexuous layers of fibres arranged 
transversely to the long axis of the tooth. In a longitudinal section each layer is 
seen to proceed upwards, then obliquely outwards, and afterwards again upwards, the 
general direction being at an angle of 70 ° with the surface of the dentine. The layers 
have serrated margins through the first curve, but during the after part of their 
course the margins are even, as in the Sciuridee. The layers, after extending the 
500th of an inch across the enamel, are broken up and the fibres are continued in 
parallel lines through the / 50th of an inch to the surface, and at an angle of 30° with 
the surface of the dentine: these characters are shown in fig. 18 E. 

The enamel layers are subject to a little variety in thickness, the average being 
about the 7500th of an inch ; and here and there a layer maybe found which gradually 
diminishes till it comes to a point and is lost before reaching the external portion of 
the enamel. An oblique section in the length of the tooth may be made at such an 
angle as to expose one layer of fibres in their length and the adjoining layer cut 
transversely. This view is shown in fig. 19. It will be seen that the fibres have a 
greater breadth than thickness. 

In a transverse section the component fibres of one layer are shown crossing those 
of the layer above and below at a right angle, thus producing a square pattern over 
the lamelliform portion of the enamel, which is represented in fig. 20. The fibres give 
a transverse measurement of the 8823rd of an inch. The fibres in the outer division 
of the enamel are straight, and lean obliquely towards the median line of the skull. 

In the lower incisors of this little creature the position of the enamel layers is re¬ 
versed. A transverse section exhibits them extended in the length of the tooth, pre¬ 
senting an appearance similar to that seen in a longitudinal section of the corre¬ 
sponding upper tooth, excepting that they make but one curve with a flattened and 
slightly enlarged middle portion (fig. 22). A longitudinal section of a lower incisor 
presents an appearance similar to a transverse section of the corresponding upper 
tooth, as shown in fig. 21. 

The dentine of the incisors of the Dormouse is not sufficiently peculiar to render a 
minute description necessary. The tubes are perceptibly larger at the lower than at 
the upper part of the tooth, and those in the posterior half of the tooth retain their 
full dimensions till near their termination. 

The enamel is about the 300th, and the dentine the 23rd of an inch thick. 

In the molar teeth, the lamelliform arrangement of the enamel exists in a percep¬ 
tible degree near the terminal edge only, and so far establishes a resemblance to the 
molars of the Rat-tribe. The dentine offers no peculiarity worthy of notice in this 
communication. 
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Jerboa JEgyptius .—The teeth of this animal present great structural peculiarities. 
The upper and lower incisors are subject to the same difference in the arrangement©! 
the lamellae of the enamel as the corresponding teeth of the Dormouse} ■While the 
molars resemble in structure the teeth of marsupial animals. In the long axis Of a 
transverse section of an incisor, the enamel measures the 150th and the dentine-from 
the 17th to the 20th of an inch. " •- -•'< <i 

The dentinal tubes radiate from the puip-cavity without exhibiting'* speoifife pecu¬ 
liarity. Many of those distributed to the anterior as well as those to the lateral ahtt 
posterior parts of the tooth, dichotomize once or twice in the early part of their 
course, and afterwards give off small branches. When near the enamel the dentinal 
tubes break up into a rich plexns of branches, many of which uniting, foWn a series 
of loops, and give a greater opacity to this than to any other part of the section. 
External to this plexus the dentine is comparatively transparent and traversed by a 
diminished number of dentinal tubes, a few of which are continued into the enamel; 
these, after following the course of the lamellee, are lost in the peripheral portion of 
that tissue. The dentinal tubes at their largest parts do not exceed the 7500th Of 
an inch. 

The peculiar character of the enamel of the upper incisor is best seen in a longitu¬ 
dinal section, in which the lamellae arc shown proceeding from the dentine in straight 
lines directed obliquely upwards at an angle of 60°. In this section each layer appears 
slightly fibrous and a little indefinite in outline; in both respects differing from the 
teeth of this and the preceding family. These conditions are partly due to the pre¬ 
sence of tubes continued from the dentine, and are portrayed in fig. 28. 

Hie layers, after proceeding for about the 250th of an inch across the enamel, sud¬ 
denly change their direction, and the component fibres lose the lamelliform arrange¬ 
ment, become parallel, and in tolerably straight lines pass upwards at an angle of 21° 
with the surface of the dentine. In this, the external part of the enamel, the tissue is 
very transparent, the fibres are rather indistinct, and the indistinctness increases the 
nearer we approach the worn extremity of the tooth. Here and there one or two 
tubes may be seen emerging from the lamelliform portion, and advancing into the 
outer transparent part of the enamel, but they are soon lost in their own minuteness. 

An oblique longitudinal section may be so made as to expose alternate layers of 
fibres cut in their length, and the intervening ones cut transversely. The latter are 
oval, and present a long diameter of about the 5550th and a short diameter of about 
the 8824th of an inch. And it will also be seen, that although the fibres halve their 
long axes placed in the length of the tooth, and hence transversely to the adjoining 
fibres longitudinally exposed, yet that the long axes are not at a right angle or any 
constant angle with them, but present various degrees of obliquity, as shown in fig. 24. 
This want of regularity in the arrangement of the fibres no doubt contributes to the 
fibrous appearance of the layers in the longitudinal section of the tooth, in which the 
component fibres are of course cut across with various degrees of obliquity. 

In a transverse section of an upper incisor the fibres of the alternate layers are 
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A thin layer of cement may he distinguished m the .posterior part of, the tooth, hut 
islosttrhenithaspwMdovertbetewninaledge of tbenuameL iff i!4;» Vi'l* 'j+ r * t HU** * 
In the lower incisors of the Jerboa the enamel lamellae are- arranged in ftp, ifoW 
aria,of the tooth* much in tbesame manner asintbe, totoespondingteeth ef'£*»e 
Dormouse. Alongitudinai section will expose the decussation,of thts.fibres offbe 
contiguous layers, the one set proceeding upwardsandnetwards, and; the otbef 
downwards and .outwards. The fibres intbe external division of tbW course, lose 
the lameUifora ecrangementand proceed upwards and outwards in f.gentle ! oww 
(fig. 26). .... , , ....... . .. ... 1 « «. 

An-oblique section, in (he length of the tooth will cut across the layersintbeir 
breadth, and show them arranged in lines parallel with the; surface, ©f .the dentine. 
Each layer has in-this view-a denticulated margin, similar to. the lamelleeiatbe 
Rats. . .»■ ; . 

A transverse section of a lower incisor exposes the enamel lamellae divided trano- 
versely to their length. Those which arise from the median side of the tooth jare 
directed forwards and towards the median line, while those that start from thean- 
terior and outer surface of the dentine, are directed in a curved line outwards in an 
opposite course. Each layer thiekens slightly as it advances outwards, and exhibits 
slightly serrated margins. '. • * 

The component fibres have their long axes placed obliquely (fig,. 28). Transverse 
sections made with different degrees of obliquity, will give variety in the appearapnce 
of ,the enamel layers. Thus a longitudinal section of one set of fibres, and,a trans¬ 
verse section of another, may be obtained, as partly shown in fig. 88. Bnt if the sec¬ 
tion be oblique to each axis of the tooth, the enamel may present a confused inter¬ 
section of lines,: from which little or nothing can.be made out. This observation 
may be applied with equah truth to similar sections of other rodential teeth. 

The dentinal tube© in the lower incisor are oval in section, mad have the long 
diameter placed transversely to the length of the tooth, hence they appear larger ,in 
the, transverse than in the longitudinal section (figs. 36 and 88). In the molar teeth, 
the dentinal .tubes leave the pulp-cavity for the crown, of the tooth withadiametor 
of about tbe lfi.OOOth of an inch, and are very closely packed. They give off- very fow, 
if any branches, till near the periphery of the dentine, and here they w ftp from nu- 
meiwis. as compared with those seen in other molar teeth, Th©, branches are short 
and: bristle-like, and the parent tubes, ©r a large branch, is usually continued into, the 
p pnmfti. The dentinal tubes of the fangs commence with a similar diameter to those 
of the crown of the tooth, but they speedily dilate to the 750ptfa of an inch, apd giye 
off branches daring the greater part of their copra©. , ..... 

Previous to entering the enamel the dentinal tubes are, 'reduced to about the 
•„ ...uncpm.- * ■ ■ 4 A 
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15,000th of an inch, which dimensions are retained after they have passed with that 
tissue. The lobes pass onwards with slight tortuosities in a Uae with the direction 
of the enamel fibres, until they reach the outer third, when they are lost ©r turn 
suddenly at a right angle, and after advancing a short distance downwards, disappear. 
These conditions are shown in fig. 29. The fibres of the enamel show no disposition 
towards a lamelliform arrangement, excepting near the terminal edge, where the 
lam ellae have, in a longitudinal section, serrated margins. The fibres leave the sur- 
fece of the dentine on the sides of the tooth at an angle of about 50°, and in the outer 
third of their course come a little outwards. In the depression on the masticating 
surface, they proceed at a right angle from the surface of the dentine. 

The molars of the Jerboa, though like those of marsupial animals in having the 
dentinal tubes continued into the enamel, differ from them in having serrated lamellae 
in the enamel near its terminal edge, and hence may be distinguished both as not 
belonging to the marsupial order, and as belonging to the Muridee. 

I have been obliged to make upwards of twenty sections of the teeth of this in¬ 
teresting animal before I could fully satisfy myself on the various points of the dental 
structures; indeed in the early part of the investigation I despaired of making out the 
arrangement of the component fibres of the enamel. 

The next animal on the list is Pedetes Cafer, but as the teeth resemble more closely 
the teeth of the Hystricidse than any other group of animals, and are altogether dis¬ 
similar to those of the Muridse, I shall postpone the description till I have gone 
through my specimens of Hystricine rodents. 

The teeth which have come within my reach from members of the following genera. 
Mm, Hapalotis, Gerbilhis, Hydromys, Hesperomys, Arvicola and Lemmm, so closely 
resemble each other in the general character's of the structure of the dental tissues, 
that it will be necessary to describe minutely those of a typical species only, and 
afterwards to note any specific differences that are found in teeth from other 
members of these genera. I will therefore take the teeth of the common Rat (Mm 
decumanus) as being typical of the family, and also on account of the ease with which 
the teeth may be obtained by any subsequent observer. 

Mm decumanm .—From a longitudinal section of a lower incisor, we learn that the 
dentine presents no specific or generic peculiarities. The dentinal tubes from their 
commencement give off numerous minute pilose branches, and terminate near the 
surface of the dentine by forming a dense plexus of minute ramifications. Their 
course is straight, or nearly so, excepting the secondary undulation, which exists in a 
greater or less degree in almost every specimen of dentine that has come under my 
observation. The tubes are oval in their transverse section, having a short diameter 
of about the 15,000th of an inch, and a long diameter which is placed in the length 
of the tooth, and ave.ages the 10,000th of an inch. 

In the anterior part of the tooth the tubes gradually diminish jn diameter from 
tasir commencement, while those in the posterior part retain their original size till 
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near their termination, when they form a plexus, but tern dense than that in the onto- 
nor put of the tooth. 

Hie enamel is seen to be composed of fibres arranged ha serrated lamellae, which 
leave the surface of the dentine with a short but gentle curve, and then proceed 
upwards and outwards in nearly a straight line till about to terminate in the outer 
division of the enamel, when they make a slight sigmoid curve with the terminal 
portion directed upwards, their general course being at an angle of 50° with the sur¬ 
face of the dentine (fig. SO). 

At the outer fifth of the thickness of the enamel the layers are broken up, and 
their component fibres take a parallel course upwards and outwards, and with a 
slight curve, which is strongest near the outer extremity, when they reach the 
surface of the tooth, their general courses being at an angle of 30° with the surfoce 
of the dentine. 

Each lamella commences at the surface of the dentine with a diameter of about foe 
7500th of an inch, which gradually increases till at the distal extremity it attains the 
6000th of an inch. The margins of the lamellae are strongly serrated, and the pro¬ 
jections of one layer fit into corresponding depressions in the contiguous lamellae. 
This peculiar form and arrangement, as exhibited in a longitudinal section, may be 
regarded as typical of the enamel of this family of Rodentia. 

In an oblique transverse section cut nearly parallel with the worn surface of the 
tooth, it may be seen that each layer is composed of a single series of enamel fibres, 
and that the fibres of contiguous layers cross each other at such an angle as to produce 
a diamond pattern over the laroelliform portion of the enamel; and also that foe fibres 
curve a little in their course outwards (fig. 31). The upper and lower surfaces of foe 
component fibres of each lamella appear to be a little uneven, and these irregularities 
no doubt contribute to the development of the serrations observed in the longitudinal 
section of the tooth, bnt in the section now under consideration these appearances are 
seen but obscurely. When the crossing sets of fibres have arrived within the 750fo 
of an inch of the surface, the decussation ceases and they proceed outwards in parallel 
lines directed obliquely towards the median line of the skull; and in the latter 3000fo 
of an inch of their course they turn directly outwards in a line with the long axis of 
foe section. 

If a section be so made as to display one set of fibres in their length, and foe ad¬ 
joining ones divided transversely, the latter will exhibit an oval section, while the 
former are seen to be armed with minute processes which fit into foe small interspaces 
that would otherwise be left between the non-touching surfaces of foe oval fibres. 
These conditions are shown in fig. 32. To these lateral processes the serrated mar¬ 
gins of the lamellae, as seen in the longitudinal section, are due, as are the irregularities 
of surface seen in the transverse section. 

The outer ends of the enamel fibres are best seen in the middle and lower part of 
the tooth. Near the cutting edge, in the outer portion of the enamel, the union between 

4 a2 
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the component fibres is ,so perfect that all appearanoe of structure is lost. This ob- 
servationapplies equally to other scalpriform teeth. The colon red surface pre¬ 
sents the character of a stain, through which the fibres are continued. If the section 
be, tolerably thick and a little oblique, the two cut edges will give tbeappearanoeef 
a.coloured lamina. . But the structure of the enamel may be demonstrated, though 
in a less complete manner, by taking a little of the soft partially developed' tissue 
frqm the base of the tooth, and with a little water placing it between two slips; of 
glass. The decussation of the fibres will be then shown, and some will present a 
beaded outline; small portions may also be found in which development is more 
forward, and some of the fibres armed with small lateral prooesses will appear ill 
the field of the microscope. Some of these appearances are shown in fig. 83. i 

The upper have a somewhat thicker coat of enamel than the lower incisors; it 
averages about the .21 ltb of cm inch, of which the lameiliform portion occupies about 
the 333rd and the outer or fibrous portion the 666th of an inch. 

In a longitudinal section the lamellae leave the surface of the dentine at an angle 
of 55°, which is a little wider than that formed by the corresponding parts in the 
lower incisors. The layers describe a gentle curve upwards and outwards, and the 
margins are serrated through the greater part of their course, but less strongly than 
in the corresponding lower teeth; in addition to which the layers are frequently 
marked by transverse lines. Towards the outer part of their course, the serrations 
become faint and ultimately give place to a smooth outline. The fibres in the outer 
part of the enamel run at an angle of 25° with the surface of the dentine. 

In. the molar teeth the dentine presents no generic peculiarity, neither does the 
enamel, about the cusps of the teeth, but at and near its terminal edge on the neck of 
the tooth, the lameiliform arrangement with the serrated edges holds good, both in 
the Bat and in other rooted molars of the genera Mus, Hapalotes, Hydromys and 
Hesperomys, The cementum about the neck of the tooth is arranged in rods, similar 
to those already described in the corresponding teeth of the Squirrels. 

The teeth of Mus rattus present no structural peculiarities by which they can be 
distinguished from M. decumanus, neither do those of the following rodents, excepting 
in size:— Mus Alexandrinus, sylvaticus, muse ulus, minutus and fusipes. In examining 
the molar teeth of Mus giganteus, I find a peculiarity which may perhaps be specific. 
The fibrous enamel on one side of the cusps is separated from the dentine by a layer 
of perfectly transparent and apparently structureless enamel, which is thickest near 
the apices of the cusps, and gradually thins till .t is lost at the bottom of the fissures. 
On the sides of the tooth the serrated laminae of the enamel are strongly marked, 
and extend through a larger portion of the tissue than is common in the corresponding 
teeth of any other rat which I have examined. 

In the teeth of Hapalotes albipes and longicaudalus of New South Wales, I find a 
very close structural resemblance to those of the Rat, the principal difference being 
in the more blunted shape of the serrations of the enamel lamellae, and the greater 
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ftfcq art ty and strength of their transverse markings. In a longitudinal section of a 
lower incisor the layers leave the dentine at an angle of 40°j and have a thickness of 
about the 75d0tb of an Inch. The whole thickness of the enamel Is about the xHathS 
tf aaiuefeiofwlnch *§fojths is occupied by the lameffiform, and nftva ths by the outer 
or-fibrOus portion of the enamel. The latter lies at an angle of 15° with the surface 

of the dentihe. ' ' ’.''' 

• It will he seen; on referring to the description of the corresponding teeth and sec- 
tions of Mils decumanus, that the angle at which the laminae of enamel fibres leave 
the surface of the dentine, is sufficiently different from that in the Hapalotcs to 
distinguish the teeth of these creatures from each other. 

The molars of the Hapalotes resemble those of the Rat. I am indebted to the 
kindness of Mr. Gould for an opportunity of examining the teeth of these animals. 

GtrbiUus Shawii (Devbrn.) stands next on my list. The dentine of the incisors of 
this small rodent is peculiar in having a few vascular canals extended from the pulp- 
cavity a short distance into its substance, which in a transverse section gives an 
uneven outline to the surface of the pulp-cavity. The dentinal tubes give off branches 
throughout the whole of their course, are interspersed with small cells, and are sub¬ 
ject to irregular secondary undulations; in addition to which, the whole substance 
of the dentine has a cellular appearance as though the developmental cells had re¬ 
tained their outline during the process of calcification, instead of becoming confluent 
and homogeneous. 

In a longitudinal section the laminae leave the surface of the dentine at an angle 
of 55°, and curve upwards and outwards through about xtVfftb 8 of an inch: they 
then give place to the fibrous portion in which the fibres curve upwards and outwards, 
their general course being at an angle of 20° with the surface of the dentine. 

The laminae are bordered by blunt serrations, and are subject to transverse markings, 
in both particulars resembling the enamel of the corresponding teeth of the Mapahtes 
more closely than that of the Rat. 

In a transverse section the enamel of the incisors could not be distinguished from 
that in the Rat. 

in the molar teeth the dentinal tubes are continued into the enamel the 1500th 
of an inch. In no part of the latter tissue could I distinguish a lamelliform arrange¬ 
ment in the enamel. 

The teeth of Hydromys chrysogaster of New South Wales resemble those of the 
Rat. The incisors of the Hamster, Cricetus famenta, ius (Pall.), can scarcely be 
distinguished from those of Mus decumanus. 

Hesperomys Darwinii (Waterhouse) possess teeth so like in minnte structure to 
those of Mus decumanus that a special description is unnecessary. 

Gtomys umbrinus (Rich.), though not placed by Mr. WaTbrhousb in the family 
Muridae, have incisors so Rat-like, that it would require the presence of sections of 
the teeth of this creature and of the Rat to distinguish the one from the other, 
and even then there would be some difficulty in finding characteristic differences 
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sufficiently well-marked to render tbe conclusion trustworthy if aay doubts were 
thrown on tbe authenticity of either of the specimens. 

Arvicola amphibius (Linn.). —It would be extremely difficult to point out the cha¬ 
racters by which sections of the incisor teeth of this creature could he distinguished 
from the corresponding ones of several teeth I have already described, especially those 
of the common Rat (M. decumanus). The serrated enamel lamellae leave the dentine 
at nearly tbe same angle; tbe serrations are perhaps finer and less strongly marked, 
and the lamellae are more frequently crossed by equidistant transverse lines. The 
rootless molar teeth, however, are sufficiently different from those of tbe Rat. In a 
longitudinal section, it will be seen that on one side of each denticle the enamel is 
composed of an inner lainelliform portion, with the edges of the lamellae serrated as 
in tbe incisors, and another portion in which tbe enamel fibres are parallel; while on 
tbe opposite and posterior surface of the denticles the lamellae are absent, and the 
enamel fibres pass across the structure in a curved line to the surface. In a transverse 
section, it is seen that the two conditions pass insensibly into each other at the bottom 
of tbe longitudinal grooves, where the component denticle coalesces, and also imme¬ 
diately behind the longitudinal ridges which mark the sides of the teeth. 

La tbe Field Vole, Arvicola nivalis (Martin), the teeth, both molars and incisors, 
structurally resemble those of the A. amphibius. 

The incisors of the Bank Vole, Arvicola glareolus (Schrf.b.), are rat-like; but in the 
molar teeth the serrated lamelliform arrangement of the enamel is very indistinct. 
In tbe lower incisors the serrations of the lamellae are shallow, while the transverse 
markings are rather strong. The appearances presented in a longitudinal section are 
delineated in fig. 34. 

The incisors of Lemmus Nurwegicus, Desm. (Zoological Society), do not offer any 
structural differences from the preceding group worthy of description. 

Fiber zibethicus (Linn.). —This animal is placed by Mr. Waterhouse in the family 
Murids, section Arvicolina. The dental tissues do not well accord with that posi¬ 
tion, but seem to indicate a nearer relation to the Beaver and Dormouse. In the 
molar teeth, however, the enamel in places resembles that in the corresponding organs 
of Arvicola amphibius and A. nivalis, but tbe serrated lamelliform arrangement is not 
as uniform or as well-marked as in those animals. Yet Mr. Waterhouse’s arrange¬ 
ment of Rodentia is, with but few exceptions, so strongly corroborated by the struc¬ 
ture of the dental tissues, that in this case, where there is conflicting testimony in 
these tissues as to where they should be placed, I shall do well to describe them in 
the position he has assigned to the animal. 

In the upper incisors, a few vascular canals radiate from tbe pulp-cavity into the 
dentine, but they are for less numerous, and run a shorter course than in the corre¬ 
sponding teeth of the Braver. Tbe dentinal tubes resemble those of the latter animal, 
excepting that they terminate at the enamel, without the presence of a peripheral 
layer of cells. 

A longitudinal section exhibits tbe enamel lamellae passing outwards in an irra- 
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gular sigmoidal curve, their general direction being at an angle of 80° with the ear* 
face of the dentine. Immediately on leaving the dentine the layers make a short 
curve upwards and outwards, during which tbe margins are serrated; the serrations 
then become indistinct or altogether cease, and the layers pursue a tolerably straight 
course till near their termination, when they turn upwards, after which the component 
fibres become parallel and advance to the surface at an angle of 38° with the dentine. 

On looking carefully over a longitudinal section, parts mil be found in which the 
transverse direction of the lamellae appear to be reversed. Fibres, or layers of fibres, 
will be seen running for a short distance obliquely in the long axis of the tooth. 

In a transverse section the fibres of the alternate layers are seen to cross each other 
obliquely, so as to produce a diamond pattern over the lamelliform portion of the 
enamel. In the earlier part of their course the fibres curve a little, but afterwards 
become straight. In the outer part of the enamel the fibres pass directly outwards 
without leaning to the one side or the other. 

In the lower incisors the structure of the enamel not unfrequently presents a con¬ 
fused appearance, as though the lamellae were subject to some irregularity in arrange¬ 
ment. In a longitudinal section the enamel layers are seen leaving the surface of 
the dentine at an angle of 50°, and in their course curve a little outwards. The mar¬ 
gins are pretty strongly marked with small oblique serrations and oblique transverse 
lines. The lamellae have a thickness of about the 5000th of an inch. The enamel 
has a thickness of about the r^W^s, the lamelliform portion of which is about the 
tVWtbs of an inch. In a transverse section parallel with the course of the lamellae, 
the decussation of the alternate layers of fibres may be seen; and in a section a little 
more oblique, the fibres in the terminal part of their course may be seen passing in 
straight lines obliquely outwards from the median side of the tooth. In the dentine 
of the lower incisors, the vascular canals are much less abundant than in that of the 
corresponding upper teeth. 

The confluent denticles of the molar teeth are coated with enamel, which is very 
irregularly lamelliform, with serrations so indistinctly marked and inconstant, that the 
appearance scarcely merits the name. A longitudinal section will best exhibit this 
view. In a transverse section, parts may be found in which the decussation of ad¬ 
joining layers of fibres is visible, but generally the fibres seem to follow a much less 
regular and constant course; and in places they are parallel, as in the outer part of the 
enamel of the incisors. However, when we find the decussation, it will be situated 
on the anterior surface of the denticles; so far the structure resembles that found 
in the corresponding teeth of the Water-Rat, and, as in that animal, the enamel on 
the posterior surface of the denticles is uniformly free from, the lamelliform arrange¬ 
ment. Near the masticating surface of the molar teeth the enamel fibres are so 
intimately blended, that little or no structure can be discerned. 

The eementum, in no part of the tooth very abundant, is occupied by very large 
irregular cells and vascular canals. Tins latter are very large, have nodulated mar- 
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giaa, and run principally in the transverse axis of the tooth. The tissue of the 
ceraentum, as seen in a transverse section, is unusually clear and 

I am indebted to Mr. Waterhouse for a list of those rodents which he considers 
the mast typical species of the several divisions of his family Hystricidce, amd have 
been fortunate in obtaining the teeth of all he has enumerated, excep tin g Echimya. 

In the dentine of these teeth, I find nothing that is characteristic of the group. 
But the enamel is very peculiar, and the peculiarity is constant in « a c h s pec ies I 
have examined. So strongly is the family characteristic marked by the ar¬ 

rangement of the fibres of this tissue, that it is necessary to have seen the structure 
in one hystricine tooth only, to be enabled to recognize at first sight the tooth of any 
other species as a member of the same group. We no longer see in a long itudinal 
section of an incisor uniform laminse separated in the lamelliform portion of the 
tissue by well-defined lines, but in tbeir stead find thick and confluent layers of ob¬ 
liquely placed fibres, which in a transverse section are seen to pursue a serpentine 
conrse from the dentine towards the surface, near to which they become straight and 
parallel as in the corresponding part of the enamel of the teeth previously described. 
Hence in this as in the preceding group, I need describe minutely the structure of 
the incisors of one species only. The molar teeth ofier greater variety in the arrange¬ 
ment of the component tissues, and may require farther notice. 

Hystrix cristata (Linn.).— In the incisors, the enamel attains a thickness of abont 
the 45th and the dentine the 4th of an inch. The latter tissue offers no striking pe¬ 
culiarities ; near the enameled surface it is tenanted by obliquely placed elongated 
cells, similar to those found in the incisors of the Beaver and many other teeth: they 
are shown in fig. 35 D. 

In a longitudinal section, the enamel presents a very beautiful and, as compared 
with the tissue as it occurs in the preceding families, a very novel appearance. Large 
confluent laminse of from the 1000th to the 1500th of an inch in thickness, leave the 
dentine at an angle of 80°. Each layer is composed of enamel fibres directed obliquely, 
and the obliquity varies in the adjoining layers, but corresponds in the alternate ones, 
in the manner delineated in fig. 35 E. But the fibres are not oblique in one direction 
only; one extremity of each fibre may be traced to dip into or under those of the 
contiguous layers, while the other extremity is usually cut obliquely across, and 
exhibits a diameter of about the 5000th of an inch. When within the 250th of an 
inch of the surface the layers gradually disappear, and their component fibres take 
a parallel course, and at an angle of 30° proceed to the surface. 

In an oblique transverse section parallel with the course of the enamel Imbue, 
the appearances are even more striking than in the longitudinal one. The «™»n fl 
looks as though the fibres were thrown into waves, the furrows of which commence 
at the surface of the dentine, and proceeding obliquely outwards, crop out where the 
fibres become parallel, and form the external portion of this tissue; tbeir direction is 
shown in fig. 36. A close inspection of a favourable section wilt enable the observer 
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to see that theenamel fibres pursue a serpentine coarse, and ia the lamelliform por¬ 
tion describe three tolerably aniforin curves (fig'. 36E.). Then again, by altering the 
focus of the microscope, without changing the position of the section, it maybe seen 
that the fibres immediately above and below those already observed, pursue a similar 
serpentine course, but arranged so that the concavities and convexities point in op¬ 
posite directions, like the two sides of the figure 8. The appearance thus produced 
is shown ht fig. 89, which in this particular must be regarded as a diagram rather 
than an accurate portrait. This crossing and re-crossing in curved Hues, together 
with the cropping out of the curves of the contiguous fibres, produces a most complex 
appearance; and if the section be not parallel with the length of the fibres; the-struc¬ 
ture appears, to one who, has not given attention to the subject, so confusedas to defy 
explanation. If the section be so made as to expose in their length the enamel fibres 
of the middle of the anterior part of the tooth, those near the sides will be cut ob^ 
liquely and present a pennifonn arrangement. An oblique longitudinal section will 
exhibit the fibres of alternate layers divided almost transversely, white those of the 
intermediate ones are exposed, taking an oblique .course: this point is shown in fig. 9%. 
In addition to the peculiarities already enumerated, small rounded cells are scattered 
through the enamel of this and most other Hystricine teeth. 

The dentine of the molar teeth of Hystrix cristata is peculiar in having its tubes 
unusually free from lateral branches during the greater part of their course. The se¬ 
condary undulations are strongly marked; and on approaching the enamel, the 
terminal branches are comparatively few in number and large in size, and commonly 
pass the 750th of an inch into the enamel. .<• ■»' 

Near the termination of the dentine in the root of the tooth, the dentinal tubes 
radiate from a. number of centres, and the tissue graduates into the cementum, which 
is. very abundant in this situation, and forms a considerable portion of the root. ••• '>• 
In a longi tudinal section the enamel fibres are seen to proceed upwards add’"out¬ 
wards in parallel lines till near the surface, when they assume a similar arrangement 
to that seen in the incisor teeth. When the enamel is thin, the lamelliform arrange¬ 
ment is scarcely seen; hut where it exists in a tolerably thick layer, the confluent 
larainse commence near the dentine. It should be remarked that in the Hystricine 
molar teeth, the usual position of the fibrous and lamelliform divisions of the enamel 
is reversed. Hitherto we have found the fibrous enamel placed externally; bat‘here 
and in the succeeding family, the lamelliform enamel occupies the external position 
in the molar teeth. \ • 

Hystrix prehensilis (Linn.). —The incisors in microscopic structure closely resemble 
those of die common Porcupine. In the molar teeth, the dentinal tubes are con¬ 
tinued about the 1000th of an inch iuto the enamel. 

Dasyprocta Aguti (Linn.). —A longitudinal section of an incisor shows that the 
dentine of the anterior part of the tooth is bordered by a layer of obliquely placed 
elongated cells, about the 7&0th of an inch broad. The enamel is composed of con- 
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fluent laminae of obliquely placed enamel fibres, which have a diameter of about the 
5000th of an inch, while the layers have a thickness of from the 1362nd to the 2150th 
of an inch, and leave the dentine at an angle of 65°. In the cater division of 
tissue the fibres lie at an angle of 35° with the surface of the dentinfi. 

Prof. Owen describes the structure of the teeth of the Agouti from a longitudinal 
section of an upper incisor, and says, “ The fibres composing the inner and move 
opake part of the enamel proceed obliquely, hut almost transversely across that 
substance, with a gentle curve in the opposite direction to the last curve of the con¬ 
tiguous dentinal tabes, viz. with the convexity towards the crown: the fibres of the 
peripheral layer of the enamel make a slight bend towards the crown; these enamel 
fibres are as thick as two of the dentinal tabes with their interspaces; their ends are 
lost in the clear peripheral substance to which the distinct, apparently structureless 
brown layer of cement is attached, and to which the colour of the convex surface of 
the incisor is dne # .” 

Had Prof. Owen made transverse sections of this tooth, be would I think have been 
led to give a wholly different account of the enamel; be would have seen the waved 
appearance which closely corresponds with that I hare described in the incisor teeth 
of the Porcupine, and is produced by a similar fiexuous arrangement of the component 
fibres; he would also have seen that the brown colour is resident in, and is due to a 
stain in the terminal ends of the enamel fibres. Tbe enamel of tbe molar teeth of 
this animal resembles that of the corresponding teeth of the Porcupine. 

Dasyprocta Acouchy (Erxl.). The dental tissues of this creature closely resemble 
those of tbe preceding species. 

Calogenys Paea (Schreb.). —Tbe dentine of the incisor teeth does not differ very 
perceptibly from that of the corresponding teeth of the Agouti and Porcupine. It 
measures about the 5th of an inch, while the lamelliform portion of the enamel is 
about tbe 107th, and the fibrous 300th of an inch in thickness. In a longitudinal 
section the confluent layers of enamel fibres leave the dentine at an angle of 70°, 
and tbe fibres in the outer fibrous part of the tissue lie at an angle of 40°. Tbe layers 
have a thickness of from the 1000th to tbe 1667th of an inch; and tbe fibres are 
about the 5000th of an inch in diameter. In an oblique transverse section the waves 
of tbe enamel fibres are more strongly marked than in the enamel of the Porcupine, 
as shown in fig. 38. 

An oblique longitudinal section shows with great distinctness alternate layers of 
fibres divided more or less transversely, and intermediate ones pursuing an oblique 
coarse. Fig. 37 illustrates faithfully this strongly-marked and peculiar appearance. 

Capramys Fourrderi (Dbsm.).—T he dentine terminates at tbe enamel without the 
presence of oblique elongated cells, but small rounded cells are present and inter¬ 
mingled with the terminal anastomosing branches of the dentinal tabes. The dentine 
of a lower incisor measures about the-jfrth, tbe lameUiforni portion of the enamel the 

* Odontography, page 404. 
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83rd,and the external about the 500th of an hub. In a longitudinal section the con¬ 
fluent laminae leave the dentine at an angle of 55°, white fibres of the outer part axe 
placed at an angle of 20° with the surface of the destine (fig. 40). The layers have 
a thickness of from the 15©Qth to the 3000th of an inch. 

Jkfyopotamv* Cay put. Mourn (Zoofog tea l Society).—The dentine of the incisors at 
its anterior termination is occupied by small rounded cells, with which the terminal 
branches of the dentinal tubes freely communicate, and in addition to which many 
areolar-shaped cavities exist similar to those found in imperfectly developed human 
and other destine*. 

The enamel presents the true Hystricine character, but the layers in a longitudinal 
section are more confluent than in the teeth previously described. They leave the 
dentine at an angle of 56°, and the fibres in the outer portion of the texture lie at an 
angle of 40° with the surface of the dentine. 

In an oblique transverse section of an incisor parallel with the worn surface of the 
tooth, the fibres are seen to make four undulations, but they are less deep than those 
seen in the Porcupine and Paca. Near the terminal edge of the enamel on the sides 
of the tooth, in this as in other Hystricine incisors, the fibres make but one or two 
gentle curves. The confluent laminae, as seen in a longitudinal section, have an 
average thickness of about the 1000th of an inch, and the enamel fibres a diameter of 
the 5000th of an inch. 

I find in the enamel of this tooth here and there irregularly rounded interspaces, 
vacant or occupied by a transparent structureless mass. This perhaps may be a 
peculiarity confined to the individual specimen. The dentine of the lower incisor 
has a thickness from back to front of the 3rd, the lameltiform portion of the enamel 
the 40th, and the external fibrous part the 500th of an inch. The cementum is con¬ 
tinued from the sides of the tooth a short distance upon the enamel, but does not 
blend with the terminal ends of the enamel fibres. On the contrary, the two tissues 
are separated by a well-defined line. 

Octodou Degus , Molina (Zoological Society).—In the lower incisors the dentinal 
tubes of the anterior half of the tooth terminate in fine branches, with which few if 
any cells are intermingled. The tubes at their commencement in the pulp-cavity are 
comparatively large, and attain a diameter of about the 5000th of an inch. 

The enamel of this small tooth is truly Hystricine in character. The confluent 
layers leave the dentine at an angle of 45°, which in the outer fibrous part of the 
texture is reduced to 20°. The 1500th of an inch is the average breadth of the layers, 
the component fibres of which have a diameter of from the 7500th to the 5000th of 
an inch. The dentine has a thickness of about the &th, the kxmeihfbrm portion of 
enamel the 116th, and the external part the 750th of an inch. 

In the molar teeth the enamel fibres describe a faint sigmoid curve in their passage 


* Lectures on Dental Physiology and Surgery. 
4 B 2 



596 


MR. TOMES ON THE STRUCTURE OF 


outwards, where the tissue exists as a thin layer; but in those parts in which it is 
more abundant in quantity, the fibres in the external part of their course assume the 
confluent lamelliform arrangement. 

Schizodon fuscus (Watekh.). —In the incisor teeth, a few vascular canals are con¬ 
tinued from the pulp-cavity into the posterior half of the dentine. The dentinal tubes 
branch from their commencement and terminate in the anterior part of the tooth in 
fine tubules without the presence of peripheral cells. They have a diameter of about 
the 6000th of an inch. 

The enamel bos a general resemblance to that described in the last species. The 
confluent laminae have a thickness of about the 2300th of an inch and leave the 
dentine at an angle of 50°, which in the fibres of the exterior is reduced to 15°. The 
dentine has a thickness of about the 15tb, and the enamel the 166th of an inch, of 
which 13 parts are lamelliform and 5 parts fibrous and external. 

In the molar teeth the enamel fibres advance one third of their course in parallel 
lines, and then foil into the confluent lamelliform arrangement, but with less precision 
than in the incisor teeth. 

Spalacopus Pceppigii (Wagner). —The dental tissues of the incisor teeth of this 
animal resemble pretty closely those of the preceding species. The posterior half is 
not however permeated by vascular canals. The enamel has a thickness of about 
tbe 150th of an inch, of which seven-tenths is lamelliform, and three-tenths external 
and fibrous. The inner part of the external division is tenanted by small rounded 
cells, which confuse tbe fibrous character of the part. The laminae lie at an angle of 
50° with the surface of the dentine, while the fibres of the outer part pass upwards 
at an angle of 25°, and finally tarn outwards and advance to the surface at an angle 
of 90°. 

Habrocoma Bennettii (Waterh.). —In the incisors of this creature, a few vascular 
canals are continued from tbe pulp-cavity for a short distance into the posterior half 
of the dentine. The dentinal tubes give off short branches from their commencement, 
undulate irregularly, and are not very uniform in size. They end without the presence 
of an anterior peripheral layer of cells. The confluent layers of enamel fibres leave 
the dentine at an angle of 50°, and have a thickness of about the 1666th of an inch. 
The fibres of the outer portion of this texture lie at an angle of 15°, tbe thickness of 
this part being about -ftths, while the lamelliform portion occupies ffths °f ‘he 
whole thickness, which measures about the 108th of an inch in thickness: fig. 42 
and 43 show the texture in a longitudinal and a transverse section. The molar teeth 
of this species of Habrocoma closely resemble those of Schizodon fuscus. 

Chinchilla lanigera (Molina). —The dental tissues both of the molar and incisor 
teeth strongly resemble those of the four preceding species. In the incisor the dentine 
is without a peripheral layer of cells in tbe anterior half, and without vascular canals 
in the posterior half of the tooth. In a longitudinal section the confluent layers of 
enamel fibres have a thickness of about tbe 1500th of an inch, and leave the dentine 
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at an angle of 50°, which Is diminished to 20° in the fibres of tike outer portion of the 
tissue. In a transverse section, it is seen that the fibres in the outer part of the 
enamel are directed obliquely from the median line of the skull. The enamel fibres 
have a diameter of about the 6000th of an inch, and are intermingled in the lamelli- 
form portion of the tissue with minute rounded or oval cells, which contribute to give 
the structure a confused appearance. 

Cavia Aperea (Ehxx..). —A layer of obliquely placed cells occupies the periphery of 
the enamel-coated anterior of the incisors. The dentinal tubes have slightly irregular 
parietes, and the intervening tissue has a mottled cellular appearance. In the pos¬ 
terior half of the tooth, the tubes as they approach the periphery throw out numerous 
characteristic thick branches, which from their number and size render a section of 
this part very opake. 

The enamel is strongly Hystricine in character, and is dotted over with minute 
rounded and branchless cells*. In a longitudinal section of a lower incisor, the con> 
fluent laminae leave the dentine at an angle of 45°, which is reduced to 20° in the 
fibres of the external part of the tissue, and the layers are about the 1500th of an inch 
thick: these characteristics are shown in fig. 44. The whole thickness of the enamel 
amounts to the 170th of an inch, of which two-thirds is occupied by the lamelliform 
portion of the tissue. 

In the upper incisors the angle of 60° is that at which the lamellae leave the surface 
of the dentine, while the terminal extremities of the fibres lie at an angle of 20° with 
the dentine. The enamel does not exceed the 212th of an inch in thickness, of which 
five-sevenths is lamelliform. 

Cavia Kingii (Bennett). —The dental tissues of this animal are very similar in 
structural character to those of the common Guinea Pig. The enamel is however 
less crowded with cells, and hence is much more transparent. 

Hydrochcerus Capybara (Erxi,.). —Many vascular canals are continued from the 
pulp-cavity into the posterior half of the dentine in the incisor teeth of this great 
rodent. A few branches pass from the dentinal tubes throughout the whole of their 
course, and become more numerous near the periphery of the tissue, which in the 
anterior part of the tooth is bordered by a dense layer of irregular-shaped cells, that 
occupy a line the 500th of an inch thick, as shown in fig. 46. 

The enamel exhibits the true Hystricine character, both in the longitudinal ami 
transverse sections, but less strongly marked than in any of the previously described 
teeth belonging to animals of this group. The laminse are more confluent, and 
the component fibres occupy a less oblique and more parallel position than we have 
been accustomed to see them; in a longitudinal section the enamel near the dentinal 
surface is crowded with small cells, and the laminae are at this part indistinctly 
marked. A little farther out they become more strongly developed, and have the 

* The cell* in the enamel of this and in all the species described in this paper, have no proper parietes, and 
should he regarded as interspaces rather than cells in the sense now attached to that term. 
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appearance of being in pairs, the fibres of which proceed obtkpscly outwards from a 
central fine common to the two, as shewn in fig. 46. In the outer division of the 
tSsgne the component fibres are bo intimately suited, that in places only can their 
course be traced in a longitudinal section the lamellae leave the dentine at an angle 
of 70°, which h reduced to 30° in the outer part of this substance. The layers have 
a thickness of about the 700th of an inch, and the component fibres a diameter of 
the 7500th of an inch. The whole thickness of the enamel amounts to the 79th of 
an inch, of which ffths is lamelfiform. 

fn a transverse section of an upper incisor, the enamel fibres ate seen to make one 
bold sigmoid carve m the lameltiform portion of the tissue. In fig. 45, a layer of 
fibres is shown with as much of the one immediately beneath as could be seen without 
shifting the focus of the instrument. 

The enamel of the molar teeth exhibits much the same structural appearance as 
that of the incisors, excepting that the cells whielt occupy the inner part of the tissue 
in the latter teeth, are absent in these. 

Brathpergua maritimus, Gmjl. (Zoological Society).—This animal has been placed 
by Mr. Waterhouse in a section immediately preceding Hystrieidse*. The teeth are 
however Hystricine in structural character, and might be described either in this 
place or at the beginning of the family. 

The dentine of the anterior parts of the tooth is bordered by a narrow layer of cells. 
The dentinal tubes have small hair-like branches through the whole of their course. 
In a longitudinal section of an upper incisor confluent layers of enamel fibres 
leave the surface of the dentine at an angle of 50°, and after extending about the 
210th of an ineh, are insensibly lost in the parallel arrangement of the fibres in the 
unusually thiek external division of the tissue, which in this tooth amounts to the 
120th of an inch in thickness, as shown in fig. 47. The tissue is dotted near the 
surface with minute cells. A transverse section is not altogether unlike a corre¬ 
sponding one from the incisor of the Capybara. 

Pedetes Cafer (Pauu). —This animal is placed by Mr. Waterhouse in the family 
Muridce, section Dtpodma. The dental tissues of the incisor teeth have the Hystricine 
character strongly marked, while those of the molars are intermediate between the 
Hystrieidse and Leporidse. The true position of the tissues in this family can only be 
determined after the majority of the species have been examined, which in itself will 
be a work of some labour, apart from the difficulty of obtaining authentic s pgflme ne 
In the absence of correct information of its position, I have as a matter of convenience 
placed my description at the end of the Hystricine group. 

In the incisors the dentine has several minor points of peculiarity. The pulp-cavity 
® * transverse section of a lower incisor approaches a triangular figure with the 
angles extended and rounded at their extremities, two of which are directed to the 
lateral anterior angles of the tooth, and the third extends in the median line into the 

* Johnston's Physical Atlas. 
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y tari or ba% hi addition to which the walls of the cavity have two deep indentations 
oo tbe median side and one on the outer side -of tbe tooth. From each of the angles 
a fine of small vascular canals is continued a short distance into the dentine, winch 
tissue is marked by numerous concentric and broad, but ill-defined and interrupted 
contour lines, which follow the involutions of tbe surface of the palp-cavity, they 
seem to be produced by a greater density of tbe tissue in these than at other parts. 
The dentine has a generally diffused cellular appearance. The dentinal tubes have 
au irregular outline, and have small lateral branches throughout the whole of their 
course. When divided transversely they show thick and strongly-marked parietes, 
and have an internal diameter of about the 6000th and an external one of the 
3000th of an inch. On nearing the enamel, the tubes give off larger and mare 
numerous branches, and ultimately terminate in small oval or rounded branching 
cells. 

In tbe upper incisors the vascular canals are more abundant in tbe posterior than 
in the anterior part of the tooth. The pulp-cavity is occupied near its apex with 
secondary dentine, tbe tubes of which proceed from the surface towards the centre 
and give off many branches; when viewed by transmitted light they resemble tufts of 
moss. Tbe enamel is strongly Hystricine in character. In a longitudinal section of 
a lower incisor the confluent laminae leave the dentine at an angle of 60°, which m 
the external division of the tissue is reduced to 25°. The enamel has a thickness of 
the 79th of an inch, of which |ftbs is laraelliform. The component fibres of the 
lamellae have a diameter of about the 7&00th of an inch. 

The dentinal tubes in the molar teeth proceed from tbe pulp-cavity in nearly a 
straight course upwards and outwards at an angle of 20°. When within the 500th of an 
inch of the enamel, they turn a little more outwards and afterwards a little upwards, thus 
describing a small final curve, the convexity of which is directed towards the base of the 
tooth. But few branches pass off till the dentinal tubes make their final curve, when 
many leave both their convex and concave sides. Vascular canals are continued from 
the pulp-cavity into the dentine, as in the incisor teeth. The arrangement of the com¬ 
ponent fibres of the enamel in the molars is peculiar, and probably characteristic of the 
tooth of this creature. In a longitudinal section the fibres in tbe first two-fifths or 
half of their curve are straight and parallel, and lie at an angle of 40° with tbe surface 
of tbe dentine. Afterwards they suddenly fall into the confluent Iamelliform arrange¬ 
ment, and with this disposition reach tbe surface of the tooth, as shown in fig. 48. 
In the folds which lie between tbe confluent denticles, the enamel is thinner than on 
tbe exterior of the tooth; the loss of thickness is principally at the expense of tfae 
enter Iamelliform portion. In a transverse section the fibres of the faunellifarm por¬ 
tion are seen to make a open letter / curve, which is reversed in direction in the con¬ 
tiguous layers, but parallel, or nearly so, in the alternate ones. The appearances seen 
in tins s ection are delineated in fig. 49. Both in tbe transverse and longitudinal 
sections the Iamelliform portion of tbe enamel is crowded with small branchless cells. 
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members of the genusLepus. Tbq incigors exiiibit a typeiof enatpel which I,b*re*<H». 
ip the teeth of no other rodents. This tissue, is no longer dividedmtaan^pute^aad 
Inner portion, with tfie component fibres ai rpngted in lamellae in; one enduptiatbe 
other, and at different angles in the two parts» hut, on the. contrary, the fibres without 
alamelliform arrangement proceed with but slightflexaresfrom the,surface of the 
dentine to the outer surface of the enamel. Neither is the enamel dotted over with 
cells, as is that of Hystricine teeth in the lamelliform portion,of.the texture, ...... 

Lepus timidus (Linn.). —In the, Hare the dentine is permeated by vascular canals, 
both in the anterior and posterior half of the incisors ; but they ace more numerous 
in the latter than in the former part. These canals become in the extruded portion 
of the tooth lined by a layer of dense non-tubular tissue, presenting the appearances 
delineated in fig. 51. The anterior enameled part of the incisors is bordered by a 
peripheral plexus of branches interspersed with a. few branching cells, and the 
posterior half by a plexus of branches without cells. In a longitudinal section, such 
as that shown in fig. 50., the dentinal tubes from their commencement iooU parts <of 
the tooth branch, but in a transverse section the branches seem rather less .numerous ; 
hence it would appear that they extend .principally in the long axis of the tooth. 
Prof. Owen has observed that “ the tubes which pass to the opposite or posterior 
surface of the tooth are less numerous, less parallel, end less closely packed together , 
they send out more and larger branches, which decussate each other in an elegant 
arborescent manner*.” In addition to these peculiarities, the tubes are .sensibly 
larger in the lateral and posterior than in the anterior part of the tooth. In a longi¬ 
tudinal section, such as that shown in fig. 50, the enamel fibres may be traced through 
the whole thickness of the tissue. Generally their course is straight, or nearly- so, and 
at an angle of from 50° to 70° with the surface of the dentine, but in places the angle 
is varied, and tbe fibres are a little bent in the one or other direction. The tissue is 
rendered rather unusually transparent by the dose union of tbe component; (fibres, 
and its comparative freedom from small cells. :. ,. 

A corresponding section' from an upper incisor differs from the one already-described 
principally in the diminished thickness of the enamel. The enamel fibres have a 
diameter of about the 6800th of an inch. . \ 

The molar teeth of the Hare have dentine, which is traversed by vascular canals* 
that extend from the pulp-cavity to near the peripheral surface of the tissue. Previous 
to the part coming into wear the canals are lined with a non-tubular tissue, and ulti¬ 
mately become almost or quite obliterated. The dentinal tubes are sensibly larger, 

* Odontography, page 405. 
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and branch much more freely than in the incisors: I do not know a more beautiful 
microscopic object than a fine longitudinal section of the molar tooth of a common 
Hare. The enamel, where it exists as a thin layer lining the inflected parts of the 
confluent denticles, is composed of short fibres, which leave the dentine at a wide 
angle, and towards their terminal extremities turn a little downwards. But when this 
tissue invests the outer and more exposed parts of the tooth the amount is much 
greater; in these parts the enamel is divisible into two portions, the inner of which 
is composed of straight, uniform and parallel fibres, and the outer part of continua¬ 
tions of the same fibres, but bent about somewhat irregularly, and approaching in 
places to a confluent lamelliform arrangement. The appearances presented in a 
transverse section of a molar tooth are delineated in fig. 52; but even in this the 
arrangement of the enamel fibres in the outer portion of the tissue is regular as com¬ 
pared with what is seen in many parts of the tooth. In the outer part the fibres 
have the appearance of being smaller than those which lie next the dentine, as shown 
in the figure. 

Lepus cuniculus (Linn.). —The dental tissues in the teeth of the Rabbit so closely 
resemble those of the Hare, that I doubt the possibility of telling the one from the 
other, excepting by the external form and size of the entire tooth. The vascular 
canals are perhaps less numerous in the Rabbit. 

Of the following animals I have been able to obtain the molar teeth only. 

Lepus Americanos, Erxl. (Zoological Society).—The vascular canals are very 
numerous and extend to within a short distance of the enamel, where they usually 
terminate in dilated extremities. In their passage they branch rectangularly and 
anastomose with neighbouring canals, a circumstance I have not before observed in 
the vessels of vascular dentine. Each canal becomes surrounded by a layer of trans¬ 
parent tissue, in which are a few lacunae very similar to those seen in the cement; 
eventually the canals are lost by the encroaching inwards of the transparent tissue, 
and lines of branching cells alone remain to mark their former position. 

The enamel could not be readily distinguished from that seen in the molars of 
Lepus timidus ; a tendency to confluent lamelliform arrangement of the fibres is found 
in places, and as it appears in a longitudinal section is shown in fig. 53. 

In the molar teeth of Lepus aquations (Bachm.) and Lepus sylvaticus (Bachm.), I 
find no characteristic differences in the dental tissue by which they could be distin¬ 
guished from each other, or from the teeth of either of the preceding species of 
Hares. 

Before leaving the subject of Hares’ teeth, I should state that occasionally fine 
supplemental enamel fibres may be seen crossing the course of the ordinary ones at 
a right angle. They do not exceed the 15,000th of an inch in diameter, and are not 
constantly present; indeed I have only seen them near the basal half of the tooth, 
where the enamel is not perfectly hardened. 

The facts which are recorded in the foregoing pages have been gathered from 
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careful and repeated observations made upon upwards of 950 sections, cot from 
the teeth of various members of the order Rodeatia. When a doubt as? to the 
nature of a tissue bas arisen, I have made numerous sections from different parts, 
mid in different directions of the same tooth. In some instances I have made as 
many as twenty-five from the teeth of one species; and have seldom contented 
myself with less than three sections. . 

The conclusions which these researches justify depend mainly on the accuracy with 
which the observations have been made and recorded. 

Fortunately, preparations of dental tissues can be preserved for an unlimited 
period: hence my statements can at any time be tested by an examination of my own 
or corresponding sections. 

Those who will go over the field of observation through which 1 have passed, will 
I do not doubt justify me in the following conclusions:—viz. That the teeth of some 
species of the order have specific structural characters by which they can be distin¬ 
guished from any other known teeth. That in the teeth of all the Rodentia, excepting 
ti»e family Leporidse, a portion of the enamel has a lamelliform arrangement of its 
fibres. That the enamel lamellae have a different and distinctive character in each 
of the larger groups, and that the variety of structure is constant throughout the 
members of the same group; we may take for examples, the Sciuridae, the Muridse, 
and Hystricadse, in each of which the structure of the enamel is different, and in each 
is highly distinctive. And that the varieties in the structure of the dental tissues, with 
a few isolated exceptions, justify and accord with the arrangements of the members 
of the order into the several divisions proposed by Mr. Waterhouse, and deduced by 
lain from the relations of the several parts of the skull. 

The manner in which these various modifications in the structure of the enamel 
are brought about in its development, together with the adaptation of the varied 
forms of enamel-tissue to the wants of its possessors, will form the subjects of a future 
communication. 


Feb. 16,. 1850. 
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Explanation of toe Bootes, in each of which !> to&to to the dentine, 
and £ to the enamel. 

* 

PLATE XLIII. 

Kg. 1. The middle portion of a transverse section of the lower iaciaor of Tamm 
Ly&teri) showing the manner in which the dentinal tubes a m disconnected 
from the pulp-cavity m that part of the tooth which is about to come into 
wear by the development of a laminated snbgrannlar tissue. 150 linear. 

Fig. 2. A transverse section of a dentinal system. A, and peripheral portion of two 
contiguous ones, B and C, from the tooth of Orycteropus, showing the 
manner in which the connection of the dentinal tubes with the surface of 
the pulp-cavity is cut off by the development of a laminated mass of trans¬ 
parent and apparently structureless tissue. 

Kg. 3. A transverse section of a dentinal system, A, and a portion of a contiguous 
one, B, from the tooth of Labyrintkodon Jaegeri , showing the disconnection 
of the tubes with the pulp-cavity in A, and the process, C, by which this is 
connected with a contiguous system; also the peripheral line of cells which 
intervene and partially connect the terminal branches of the tubes of ad¬ 
joining systems. (This drawing was made from a section, No. 4 of a series 
lent to me by Dr. Mantbll.) 7b linear. 

Kg. 4. A transverse section of a Haversian system from a Stag’s antler which had 
been cast, showing the transparent tissne lining the canal, and thus cutting 
off the connection of the canaliculi with the surface of the canal. 

Kg. 5. A transverse section from the extruded portion of a molar tooth of Lepm 
iimidm, showing that the medullary canals of vascular dentine become 
lined with a dense non-tubular tissue previous to the part coming into 
wear. 

Fig. 6. A portion of a longitudinal section from an upper incisor of Scmru* niger, 
showing, D, the dentine, E, the enamel lamellae in their rectangular position, 
and F, the terminal or fibrous part of the enamel, in which the extent of the 
colour is marked by a vertical line. 225 linear. 

Fig* 7 . A transverse section of the same tooth, showing, D, the dentine, and E, the 
enamel, in which the component fibres of two layers, the decussation and 
their continuance in the external part of the tissue, are seen. 225 linear. 

Fig. 8. An oblique longitudinal section from the base of the same tooth. In which E, 
the alternate layers of the enamel lamellae, are cot transversely and lon¬ 
gitudinally. In this part of the tooth the external part of the enamel vs 
pot fully developed. 
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*> < »'<'> D, toe deaths anti E,the<maoie],w*to'tlw tifcns inter¬ 
spersed with irregular cells. t » ’ > » '<'* * <»«•»* *.* 

F%i 16. Along&odtoal section froth toe fttag of-the same toMlt, showing,-D^ tob'den- 1 
' , > 'tide, and O, the cettleatam, to the outer portion of which tbetiuue it ar¬ 
ranged in rods, and is free from lacunae. n< i>, ( » 

% 11* A' portion of a longitudinal section from the crown of a (Bobu*' tooth jrft 
! <<> Sciurm erythtopus, showing, D, a part Of the dentine With the tabes com¬ 
bined into S3, a portion of toe enamel.' > » 

Fig. 12. A portion of a longitudinal section of an upper incisor of Arctbmysprutesus, 

• showing, D, the dentine, E, the enamel, With the hunellm leaving the surface 
df the 'dentine at a right angle, and F, the outer fibrous division of the 

* enamel. 150 linear. 

Fig. 15. A transverse section from the same tooth, showing, D, the dentine, and E, tbe 
enamel. 

Fig. 14. A portion of a longitudinal section from toe upper incisor of Castor Jiber, 

1 showing, D, the dentine with a peripheral layer of cells, E, toe l&melHform 
portion, and F, the outer fibrous portion of tbe enamel. 

K»- 15. A transverse section from the same tooth, showing, D, toe dentine, E, tbe 
enamel, with the decussation of the component fibres of two Wninw*, and 
* T, toe outer part of the enamel. 

i i 


* PLATE XLIV. 

Fig. 16. A portion of a longitudinal section from an upper incisor of Spate fyphte, 
showing a peripheral portion of dentine with the downward direction of 
tbe branches of the dentinal tubes, and E, tbe enamel; A, aaoblique lon¬ 
gitudinal section, showing tbe fibres of alternate laminae divided trans¬ 
versely. 150 linear. 

Fig. 17. A transverse section from the same tooth; D, toe dentine, E, the enamel * 
150 linear. 

Fig. 18. A longitudinal section from an upper incisor of a Dormouse {Myoxus avel- 
Imarius) ; D, peiipharal portion of dentine, E, the enamel, (bowing tb« 
curved enamel lamellae and the fibres in tbe outer part of the tissae. 900 
] linear. , , 

1%. 19. An oblique longitudinal section from the same tooth, showing at £ alternate 
layers of enamel fibres divided transversely with the iateemwftMe ones 
exposed in their length. 806 linear. 

f%. 90. A transverse section of toe same tooth. 300 linear, (4 






















' IHNH* AtoagtakBnal section nfailpwiw teNmims <(«f2showing #r 
mini »¥#Hnt deW s saltatt of* the parallel iaye»'«f enamel fibres, and tbe downward 
direction of the external ends. 4h * win j ? nr. i lit. # n 
F&lMilAtlrtip&w&b section, of the same,moth, shotting itim enWansd eousseof tbtf 
<• - u'-stiaolelJatoeHm,tbdrseriated margins near tbe destiny land their vertical 
position. *,,i . i,i ii i * hi i 1 .m 

Wtg. Mi A Vertical sectkai from die Upper incisor of a «Jerboa (l?tym *S$gpptm),> 

• •»I showing, O, the dentine at its interior periphery surface, audE, the enamel 

with a few tabes continued into tbe enter pan. 150 linear. , 

Wigi Mi An oblique longitudinal section, showing enamel fibres divided transversely? 

1 .1 > and longitudinally. 300 linear. < i 
Fig. $5. A transverse section of an Upper incisor of the Jerboa, showing, D, the den¬ 
tine, and £, the enamel, with the decussation of the fibres of contiguous 

* layers in the faraelliform portion of the tissue, and their parallel couree jfil 
tbe outer part of the enamel. 150 linear. 

Fig- 26. A longitudinal section of a lower incisor of the Jerboa from near the base of 
tbe tooth, showing, D, tbe dentine, and £, tbe enamel, with tbe lamellae 
arranged in the length of tbe tooth. 150 linear. 

Fig. 37. Enamel fibres scraped from tbe partially calcified tissue near tbe base of tbe 
tooth. 600 linear. 

Fig. 28. A transverse section of a lower incisor of the Jerboa, showing the enamel 
lamellae divided transversely with the fibres of alternate layers cut ob¬ 
liquely, and the intervening one longitudinally. 

Fig. 29. Plate XLV. A longitudinal section of a molar of the Jerboa, showing tbe 
periphery of tbe dentine and the dentinal tubes continued into the enamel, 
with tbe manner of termination of the tabes in the latter texture. 

Fig. 89, A longitudinal section of a lower incisor of a Bat (Mm decumarm), showing, 

' D.tbe terminal portion of the dentine, and E, the enamel, with its serrated 
, lamellae and its outer fibrous portion. 300 linear. 

FSgt 81/ An oblique transverse 'section from tbe same tooth, showing tbe crossing of 
the fibres of contiguous layers, and the pattern thus produced. 300 linear. 
Figi 82. A 'Section lVom the same tooth, in which the fibres of alternate layers are 
divided transversely, and the intermediate ones exposed in their length, 

1 ' - add shew minute dentteufations. 

Fig. SSi Enamel fibres in various stages of development, obtained from the partially 
oalcified tissue about*the base of die incisor. 

Jig. 84 , A longitudinal section from a lower incisor of the Bank Vole (Arvkola gia~ 
t .*. »’ Mohs'}, showing at E the denticulated character of the enamel lamella: and 

**. i > Mr transverse markings. 
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fig. 85. A longitudinal section of the upper incisor oftbe Porcupine (!%#$» crfittf^ 
in wbfcb is shown, D, the terminal portion of the dentine with its obflqady 
placed elongated cells, and E> the enamel with its confluent layers of ob¬ 
liquely placed fibres and the parallel fibres of the outer portion oftbe tissue. 
120 linear. 

tSg. 88. A transverse section from the same tooth, showing, D, the dentine, and E, the 
enamel fibres pursuing a serpentine coarse hi the lamelliform part of the 
tissue, and a straight parallel course in the external division of the tissue. 
120 linear. 


Fig. 37. An oblique longitudinal section from a lower incisor of the Spotted Cavy 
(Geeiogemfs Paca), showing, D, die dentine with its peripheral layer of cells, 
and E, the enamel with the confluent layers, and with the fibres of alternate 
ones divided more or less transversely. 

fig. 88. An oblique transverse section from the same tooth, showing, D, the dentine, 
and E, the enamel with the fibres in their waved course in the iamelliform 
portion, and parallel course in the outer portion of the tissue. 

Fig. 89. An oblique transverse section from a lower incisor of Capromy* Foumieri, 
showing, D, the dentine, and E, the enamel, which in this figure is rather a 
diagram illustrating the arrangement of the enamel fibres, than a faithful 
delineation of the appearance presented in the section. 

Fig. 40. A longitudinal section from the same tooth, showing, D, the dentine, and E>, 
the enamel, with its confluent laminae and the oblique constituent fibres. 

Fig. 41. An obtiqoe transverse section from the same tooth, showing at E the ap¬ 
pearance assumed by the enamel laminte near the sides of tbe tooth when 
the fibres arfe exposed in their length in the middle part of the section. 


PLATE XLVI. 

Fig. 42. An oblique transverse section from tbe upper incisor of Habnetmm Benmeftm^ 
showing, D, the dentine, and E» the enamel, with the directum of tbe enamel 
fibres. 

Fig. 43. A longitudinal section from the upper incisor of ffdnicMU |Ti i—itflff. 

showing, D, tbe dentiae, and E, the enaraeiwith its confluent laminae. ISO 
linear. ^ 

Fig. 44. Plate XLV. A longitudinal section from a lower incisor «f the 6aius* Pig 
(Catia Aperea), showing, D, the peripheral portion of the dentine •**& ft 
terminal layer of oblique elongated cells, and E, tbe enamel and Its confluent / 
laminae. 200 linear. v f " * * ■> i 
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Fig, 45. A transverse section from an upper incisor of the Capybara (Hydrochcerus 
Capybara), showing, D, the dentine, and E, the enamel. 150 linear. 

Fig. 46. A longitudinal section from the same tooth, showing the peripheral layer of 
cells, D, and E, the enamel with the penniform character of the confluent 
lamellae- 150 linear. 

Fig. 47. A longitudinal section from an upper incisor of Brathyergus maritimus, 
showing, D, the dentine, and E, the enamel with its peculiar Hystricine 

* enamel laminae, and the large amount of the external division of the tissue. 

150 linear. 

Fig. 48. A longitudinal section of a molar of Pedetes Cafer, showing, D, the dentine, 
and E, the enamel, with the inner portion fibrous, and the outer latnelli- 
form. 

Fig. 49. A transverse section from the same tooth; D, the dentine, and E, the enamel. 

Fig. 50. A longitudinal section from a lower incisor of the Hare (Leyas timidus), 
showing, D, the dentine, and E, the enamel fibres, without a lamelli- 
form arrangement, and without a division into an external and internal 
portion. 200 linear. 

Fig. 51. A vascular canal surrounded by a layer of non-tubular tissue, as seen in a 
longitudinal section of an incisor of the Hate. 300 linear. 

Fig. 52. A transverse section from a molar of the Hare (Lepus timidus), showing, D, 
the dentine with its large tubes, and E, the enamel with the fibres in the 
inner portion parallel, and in the outer curved and irregularly Hystricine. 
200 linear. 

Fig. 53. A longitudinal section from a molar of Lepus Americanus, showing the irre¬ 
gular lamelliform character of the outer portion of the enamel. 200 linear. 
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XXIX. Sequel to a paper on the Reduction of the Thermometrical Observations made 
at the Apartments of the Royal Society. By James Glaisher, Esq., F.R.S., of 
the Royal Observatory , Greenwich . 

Received December 14, 1849,—Read February 28, 18S0. 

In a paper which the Royal Society did me the honour to publish in the last volume 
of its Transactions, I gave the results found from all the thermometrical observations 
which have been taken at the Apartments of this Society; and I stated that I had 
made some progress in the connection of this series of results with those deduced 
from the observations at the Royal Observatory, Greenwich. Since that time I have 
reduced the two series of observations to one and the same series, and I have now 
the honour to lay the results from their combination before the Society. 

In my former paper I stated that no observations had been taken between the 
years 1781 and 1786. Had the particulars of these years been about their average 
values, their omission would not have materially affected the final results, but on 
examination I found that those years were distinguished by very severe weather, and 
that their omission would have a sensible effect; I have therefore supplied these par¬ 
ticulars, as detailed below. 

I also stated that it was doubtful whether the temperatures, as determined for So¬ 
merset House, were influenced by local causes. I have endeavoured to collect in¬ 
formation upon this subject, and of which I shall speak presently. 

I shall adopt the same plan in the arrangement of the final results, which I pursued 
in my former paper, and present them for monthly, quarterly and yearly periods. 
The numbering of the Tables is continued from the former paper. It may tend to 
clearness if I speak of each preliminary investigation separately. 

Determination of the Mean Temperature of the Air at Lyndon in Rutlandshire , the 
longitude of which place is 0° 3 f East of Greenwich and the latitude is 52° 32' 
North, for every month in the years from 1771 to 1799. 

The results of meteorological observations taken by Thomas Barker, Esq., at Lyn¬ 
don in Rutlandshire, and which seems to have been taken with care, were published 
in the volumes of the Philosophical Transactions for the years 1772 to 1799. From 
these papers I have determined the mean monthly temperatures of the air, and which 
are shown in the following Table:— 
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Table VIII.—Mean monthly temperature of the Air at Lyndon in Rutlandshire, 
from the year 1771 to the year 1798. 


IBS 


Feb. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

October. 

No?. 

December. 

1771. 

m 

34-0 

35*0 

40*0 

s6*2 

5$*6 

61*5 

59*7 

52*7 

47* 

4i*2 

41*2 

1772. 

32*8 

34*8 

38*8 

43*5 

50*3 

62*0 

KraySI 


55*7 

52*7 

43*7 

39*3 

1773. 

37*5 

35*5 

41*2 

45*5 

49*2 

58*2 


62*2 

54*5 

48*5 

39*5 

38*0 

1774. 

31-2 

37*8 

mvjm 

46-5 

51*5 

60*2 

BrBjl 

61-2 

54*2 

48*2 

39*0 

35*8 

1775. 

38-7 

42*5 

41*5 

49*7 

55*0 

62*7 

■<Tg 

59*7 

67*8 

47*5 

37*8 

37*5 

1776. 

27*5 

38*2 

43*2 

47*8 

52*0 

59*2 

63*8 

I2E1 

55*2 

49*8 

41*2 

38*8 

1777. 

33*5 

34*2 

43*2 

45*0 

54*0 

57*7 

61*5 

61-5 

67-7 

49*8 

42*7 

35*2 

1778. 

34*5 

35*8 

giigiM 

46*0 

55*5 

62-2 

fail 

62*5 

52*2 

44*8 

43*2 

42*0 

1779- 

36*0 

44*5 

44*2 

49*2 

54*0 

58*2 

65*5 

66*0 

liH 

50*8 


36*7 

1780. 

29*5 

35*0 

45*5 

43*0 

55*8 

58*8 

63-6 

64*0 

58*5 

48*5 


36*7 

1761. 

K7&IS 

40*7 

43*0 

48*5 

53*2 

63-5 

64*5 

64*0 

67-5 

48*8 

mtSIm 

40*8 

1788. 

39*5 

35*0 

III 

42*0 

49*8 

60*5 

wmm 

si 

56*2 

45*5 

35*0 

36*0 

1783. 

37*5 

39*8 

38*0 

49*2 

50*0 

61-0 

67*7 

62*0 

55*3 

49*3 , 

42*8 

34*8 

1784. 

29*8 

32*5 

36*5 

43*3 

58*5 

58*8 

61-5 

57*5 

Emm 

44*2 

w\tm 

30*8 

1785. 

36-7 

31*0 

34*2 

47*5 

54*2 

62*0 

64*2 

58*8 

57*5 

47* 

40*5 

35*0 

1786. 

36*5 

36*8 

34*5 

46-0 

54*0 

62-2 


60-2 



Earn 

Ther. broken. 

1787. 

87'* 

42*5 

44*2 

46*0 

53*8 

60*0 

62*5 1 

61*8 



38*8 

39*0 

1788. 

38*5 

39*0 

39*0 

50-8 

59*3 

61*5 

65*5 


57*5 

50*2 


34*2 

1789. 

34*5 

40*5 

36-0 

Wmm 

Egg' 

60*0 



56*8 

K! QH 


42*0 

1790. 

39*0 

42*8 

44*8 

43*8 

55*2 

61*5 

63*0 

62*5 

55*2 


42*2 

40*8 

Wmm 

■ 


43*2 



59*8 

61-5 

■%g» 


47*8 

42*2 

33*0 

1792. 

36*5 

38*8 

43*2 

51*5 

52*2 

57*8 

62*5 

64-2 


48*8 

44*8 

40*2 

1793. 

36*5 

40*5 

40*2 

43*0 

53*2 

60*0 

68*2 

62-5 

55*0 

53*8 

43*2 

410 

1794. 

34*5 

45*5 

45*2 


53*5 

62*5 


61-8 

54*8 

49*5 

43*6 

37* 

1795. 

86*8 

32*8 

39*8 

46*8 

54-5 

58*0 


64-5 

61*8 

USB 

ElEMl 

44*5 

1796. 

44*8 

40*5 

40*5 

51*2 

■JJjf 

60-5 

62-5 

62-5 


47*2 

40*5 

32*0 

1797. 

38*0 

38*2 

40*0 

45*8 

E 

57*8 

66*8 

wmm 


48*0 

41*2 

40*2 

1798. 

38*5 

38*8 

41*2 

51*5 

56*8 

65-8 

64-5 

64-2 

58*5 

51*0 

40*5 

33*2 


During twenty of these years simultaneous observations were taken at the Apart¬ 
ments of this Society. The following Table of comparison of results is formed by 
comparing the numbers in the preceding Table with those for the same months in 
Table I. of my paper in the Philosophical Transactions, Part II., 1849. 













































Table IX. —Comparison of the mean monthly temperature of the Air at the Apartments of the Royal 
Society, with the mean monthly temperature of the Air at Lyndon. 
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By taking the means of the differences of the resells, we find that, the reading of 
the thermometer in air at the Apartments of the Royal Society in ; 


January was higher than at Lyndon by . ... 1*0 

February was higher than at Lyndon by . . . " . 0*8 

March was higher than at Lyndon by.0*8 

April was lower than at Lyndon by..0*2 

May was lower than at Lyndon by.0*6 

June was lower than at Lyndon by.1*7 

July was lower than at Lyndon by.1*0 

August was higher than at Lyndon by less than . 0*1 
September was higher than at Lyndon by . . . 0*4 

October WB9 higher than at Lyndon by . . . . 1*0 

November was higher than at Lyndon by. . . 1*0 

December was higher than at Lyndon by. ... 1*6 


Determination of the Mem Temperature of each month at the Apartments of the 
Royal Society for those months when no observations were made there. 

By applying the above numbers to those in Table VIII. when no observations were 
taken at the Apartments of the Royal Society, the following Table is formed:— 


Table X.—Showing the approximate mean monthly temperature of the Ait* at the 

Apartments of the Royal Society. 






Approximate mean temperature of the air. 









June. 

July. 



SUB 

Nov. 

Dec. 




35*8 

39*8 

55*6 

a 


59*7 

0 

0 

hhi 

0 

1771. 

31-5 

34*8 

54*9 

60-5 

53*1 

48*5 

42*8 

1772. 

33-8 

35*6 

39*6 

43*3 

49-7 

60-3 

61-0 

6i*o 

56-1 

53*7 

Its® 

40*9 

1773. 

38-5 

36-5 

42*0 

45*3 

48-6 

56-5 

59*5 

628 

54*9 

49*5 


39*6 

1781. 






. 



67*9 

49*8 

43*0 

42-4 

1782. 

40-5 

35*8 

39*8 

41*8 

49*2 

58*8 

Kl! MM 

58*0 

56*6 

46-5 

36*0 

37*6 

1783. 

38*5 

40-6 

38*8 


49*4 

| 59*3 

66-7 

63-0 

55*7 

50*3 

43*8 

36*4 

1784. 

30*8 

33*3 

37*3 

43*1 

57*9 

57*1 

VMM 

57*5 

58*4 

45-2 

48*0 

32*4 

1785. 

37*7 

31*8 

35*0 

47*3 

53*6 


63*2 

58*8 

57*9 

48*2 

41*5 

36*6 

1786. 

37*5 

37*6 

35*3 

45-8 

53*4 



60*2 

52*4 

1 

46*0 

MM 



And these numbers may be considered as being very nearly the true values; they ■ 
are reduced to the same zero as those in Table I. of my former paper, and form apart ’ 
of that series of values. 


Determination of the Mean Temperature of the Air at Eppingfor every month 
from the year 1821 to 1840. 

Let us now proceed to compare the results of observations taken simultaneously 
towards the end of the Royal Society’s series, made as, nearly as possible under the 
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same circumstances as those at 1 Lyndon at the beginning of that series, with the riew 
of determining whether an agreettient exists in the differences at those different 
epochs, and also for the purpose of assisting to determine whether London be really 
warmer than the country, as affirmed* The observations which most fully satisfy these 
conditions are those made by Mr. Thomas Squire of Epping. This gentleman, on 
my request to furnish me with the monthly means of bis observations for comparison 
with those of this Society, most promptly and obligingly sent me the monthly mean 
from twenty-eight years’ observations taken on every day at 8 h in the morning. 

The thermometer with which the observations were made was placed in the shade, 
at the height of 5 feet above the ground, facing the N.E., and an open country. 

These numbers I have reduced to mean values by the application of corrections, 
for that purpose (see my paper in Philosophical Transactions, Part I. 184S) then 1 
further reduced them to the elevation at Somerset House and for difference of lati¬ 
tude, and in this way the next Table was formed. 

Table XL— Mean monthly temperature of the Air at Epping reduced to the eleva¬ 
tion and latitude of Somerset House, for the year 1821 to 1848. 
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By taking the mean of the numbers in each column of differences, we find that the 


temperature of the air at the Apartments of the Royal Society in 

o 

January was higher than at Epping reduced to the same level by . . 1*3 

February was higher than at Epping reduced to the same level by . 1*2 

March was lower than at Epping reduced to the same level by less than 0‘1 
April was lower than at Epping reduced to the same level by ... 1*5 

May was lower than at Epping reduced to the same level by ... TO 
June was lower than at Epping reduced to the same level by . . . 0*6 

July was higher than at Epping reduced to the same level by . . . 0*2 

August was lower than at Epping reduced to the same level by. . . 0*3 

September was lower than at Epping reduced to the same level by .1*0 
October was higher than at Epping reduced to the same level by . . 0*2 

November was higher than at Epping reduced to the same level by . 1*4 
December was higher than at Epping reduced to the same level by . 1*5 


And the mean temperature of the whole period was nearly of the same value at both 
places. 

Having obtained these results, and finding that during the time the sun was 
situated north of the equator the temperature at the Apartments of the Royal Society 
was lower than at Epping, and that it was higher during the time the sun had south 
declination, I requested Mr. Squire to furnish me with full particulars with respect 
to the position of his instrument to the sun and to surrounding objects: the follow¬ 
ing is the information he gave me:— 

“The thermometer hangs near the north angle of a small projecting pier of a 
wall, nearly close to the brickwork, facing the N.E., and an open country. At the 
back of the wall is a grape-vine, and when in leaf, it so shades the wall that its tem¬ 
perature is not much affected by the sun’s rays; but,- before the vine is in leaf, it may 
raise the temperature a trifle; yet from some casual observations scattered over my 
journal as tests, I do not find that the said thermometer is sensibly influenced by the 
heat of the sun at 8 a.m., the time of reading the instrument. On the 13th of May, 
1847,1 moved the thermometer a few feet from its former position on the wall, with 
the same aspect, but, at the back of this part of the wall, there is a sort of grotto 
or summer-house, which is covered by thatch and completely interrupts the sun’s rays 
from the wall; hence its present situation may perhaps be considered more eligible 
for a mean temperature than its former position, but I do not find any difference 
worth notice.” 

The general fact, however, of a higher winter temperature, and of a lower summer 
temperature at the Apartments of the Royal Society, is satisfactorily proved by both 
sets of comparisons, and it is evident that the same cause has been in operation at 
both times, and to the same amount. There can be no doubt that this cause is the 
vicinity of the river Thames to the locality of the observations. 
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Determination of the Monthly Mean Temperature of the water oft he Thames by night 

and by day », from, the year 1846 to the year 1640; 

The observations to determine the temperature of the Thames water Are made by 

Lieut. Sanders, R.N. The instruments consist of one maximum thermometer add of 

one minimum thermometer, suspended from the sides of the Dreadnought Hospital 

Ship, in a perforated trunk placed at about 2 feet below the surface of the Water. The 

range of temperature during the day is usually about 2°, and the simple arithmetic 

mean of the readings of the maximum and minimum thermometers shows the mean 
. , > 
temperature of the water. 


Table XIII.—Mean monthly temperature of the water of the Thames; 



1846. 

1847. 

1848. 

1849. j 


Mean of all the j 

Mean 1 

Mean of all the 

Mean 

| Mean of all the 

Mean 

Mean of all the 

Mean 


readings in each jtempera-i 

leadings in each 

tempera- 

{ readings in each 

tempera- 

readings in each 

tempera- 


month. 

ture of 

month. 

ture of 

month. 

ture of 

month. 

ture of 



I 

the 



the 

1 


the 



the 


Max. 

Min. 

water. 

Max. 

Min. 

water. 

M„. | 

Min. 

water. 

Max. 

Min. 

water. 

January.... 

o 

44*3 

42*0 

43*2 

?7*l 

35*5 

3§*3 

35*7 

35*1 

. j 

35*4 ! 

41*6 

39*6 

40*6, 

February... 

46-3 

42*5 

43*9 

38*9 

37*2 

38*1 

41*8 


41*1 

44*2 

42*6 

43*4 

March...... 

48*2 

46-3 

47*3 

42*1 

41*4 

41*8 


. 


45*7 

44*1 

44*9 

April . 

51*5 

49*4 

50*5 

46*9 

46*4 

46-7 

5i*i 


50*6 

47:9 

44*8 

46*3 

May . 

59*9 

67*2 

58-6 

58*6 


57-8 

' 62*5 

BBM 

61-8 t 

58*9 

55*7 

57*3 

June . 

WtEM 

70*8 

71*9 

66-5 : 


63-7 

63-6 

62*6 

63-1 i 

65*8 

63*3 

64*3 

July . 

67-4 

66*1 

66-7 

70*6 

66*5 

68-6 

66*0 



67*8 

66*1 

67*0 

August ... 

68*8 

66*7 

67-6 

66*1 

64*4 

65"3 

63*0 


62*5 1 

64-9 

62*7 

63*8 

September. 

64*7 

63*5 

64*1 

57*0 

56*6 

56-8 

59*5 

58*8 

59*1 

61*4 

58*7; 

WZEM 

October... 

54*2 

52*8 

53-5 

53*3 

■£29 

53-2 

! 53-7 

50*8 

52*2 

52*8 

49*5 

51 *2 

November. 

47-6 

mm 

46-8 

47*9 

47*3 

47-6 


. 


47*1 

44*1 

45*6 

December. 

37-6 

34*9 

36-3 

42*5 

41*5 

EH 

43-9 

H2jyj 

42*2 

40*3 

36*8 

38*6 


By comparing the means of these numbers for the four years, with the means of 
the readings of the maximum and minimum thermometers in air at the Royal Ob¬ 
servatory, for the same months, we find that the mean lowest readings of the water 
were higher in the twelve months respectively by 3 0, 9; 4 0, 6; 7°*7; 12°'3 ; 11°*5 ; 1 6°-f ; 
12 0, 4; 10°’4; 10 o, 7 ; 6° - 8; 6 0, 3 and 4°*9, than the mean of the lowest readings of the 
air; and it was lower than the mean maximum readings of the air by 3°*2; 4°*6; 5°j; 
9°‘2; 6°*0; 7°‘5 5 8°'l; 6 0- 7 i 7°'4 ; 6 o- 0; 4°*7 and 3°'0, in the respective months from 
January. These numbers are very large, and will fully account for the little higher 
temperature possessed by places in the vicinity of the river, and these differchceS of 
temperature are probably the fruitful source of the London fogs. ; 

Mr. Sanders, at my request, lias taken daily observations of the temperature of the 
air at 32 feet above the water of the Thames at the hours of 6 a.m. And 6 p.m. during 
the years 1847 and 1848, and at the hours of 9 a.m. and 9 p.m. in the year 1840. 
The result of these observations, compared with simultaneous observations taken at 
the Royal Observatory, is as followsthat the temperature of the air 32 feet above 
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the water, exceeds that at the observatory at 6 a;m. by 1°*6 5 1°*9; 0 o, 8 5 0°*3 ; 0°*6 ; &*f ; 
0°*9; 0*°8; 0 o, 2 ; 0°*0 and 0 Q *8, in the twelve month# respeetivdy; and at 6 p.m. by 1°*2; 
0°*8; 1°0; 0° S; 0°7; P°*8; 0°'6 ; 0° 8; 1°3 ; 1° 0; 1°7 and 0 ? ‘9, in the twelve months 
respectively; that at 9 a.m. it was in excess in January by 1°*3; February by l° T S; 
March by 0°-<5; April by 0°4; May by 2°*2 5 June by 0 o, 4; and in October by 0°5 ; 
tbat it was of a lower temperature in July by 0°7 ; August by 0 o, 5; and in September 
by 0°’J ; that at 9 v.tt. it was always of a higher temperature: the excesses were 0 9 *1; 
0°*3; 0°7; 0°'3; 1°*9; 2°*9; 1°5; 3 C 2; 1°*2 and 1°‘3 respectively. 

From these numbers, it seems that during the night bom#, at all seasons of the 
year, the temperature of the air at the Dreadnought Hospital Ship is higher than at 
the Observatory, and that it is below only during the midday hours. 

At times of extreme temperature the effect of the water upon the temperature of 
the air is very great. On February 12, 1847, the temperature of the air at my bouse, 
which is situated about one mile and a half from the river, was 6 °* 0 ; the lowest 
reading, 32 feet above the water of the Thames, was 16°0; the temperature of the 
water was 33°; its heating effect upon the air in its immediate vicinity amounted to 
10 °; at the Observatory the reading was 10°*5 ; and the heat of the water of the 
Thames seems to have influenced the temperature of the air at the Observatory to 
the amount of 4°. Some time since, on comparing the temperatures of the air as 
recorded in the Philosophical Transactions in the year 1814, with corresponding tem¬ 
peratures as observed at Greenwich, I doubted the accuracy of the former in inapy 
instances, on account of their much higher values; these investigations have now led 
me to believe that the temperatures, as recorded in the Philosophical Transactions for 
that year, are correct. 


Table XIV.—Comparison of the mean temperature of the Air at St. Johns Wood, 
and at the Royal Observatory, Greenwich. 


Month. 


1842. 

1843. 

Mean temperature of the air. 

Mean temperature of the air. 

Mean temperature of the air. 

At 

Royal Ob¬ 
servatory, 
Greenwich. 

At 

St. John’s 
Wood. 

In 

excess at 
St. John's 
Wood. 

1 At 

Royal Ob¬ 
servatory, 
Greenwich. 

At 

St. John's 
Wood. 

In 

excess at 
St. John's 
Wood. 

At 

Royal Ob¬ 
servatory, 
Greenwich. 

At 

St. John's 
Wood. 

In 

excess at 
St, John's 
Wood, 

January . 

33-6 

34*3 

+ 0*7 

32*9 

32*4 

O 

-0*5 

39*9 

39*1 

<*4*8 

February ... 

35*3 

36-5 

+ 1*2 

40-8 

40*3 


36*0 

36-1 

4-0*1 

March . 

46’2 

46*6 

4 0*4 

44*9 

44*3 


42*9 

42*9 


April ...... «•«! 

WSSm 

46*6 

—0*4 

; 45*2 

46-3 

+ M 

47*1 

47*6 


May . 

56*8 

57*0 

40*2 

! 53*2 

53*2 


52*2 

51*2 

1 IffRB 

June . 

S6’i 

55*9 

— 0*5 

62-9 

62*5 

-0-4 

56*3 

55*2 

S —1*1 

July . 

57*8 

56-9 

-0*9 

| 60-2 

59*5 


60*9 



August . 


59*5 

-1*0 

65-4 

65*5 

WSSm 

62*1 

61*9 

HE* 

September ... 

58*5 

57*8 

-0*7 

j 66-4 

56*2 

-«** 

59*5 



October. 

48*8 

49*1 

4-0*3 

j 45*4 

45*8 


48*0 

47-6 

—0*4 

November ... 

42*7 

43*5 

-0*3 

I! 42*8 

43*3 


43*8 

43*9 

4 - 0*1 


40*5 

40*3 

-0*3 

45-0 

44*6 

-0*4 

43*9 

44*2 

+ 0*3 


4 E 


MDCCCL. 
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Table XIV, (Continued.) 


Month. 

h 

1844. 

1845. 

1846. 

Mean temperature of the air. 

Mean temperature of the air. 

Mean temperature of the air. 

At 

Royal Ob¬ 
servatory 
Greenwich. 

At 

St. John’s 
Wood. 

In 

excess at 
St. John's 
Wood. 

At 

! Royal Ob- 
) servatory, 
Greenwich. 

At 

St. John’s 
Wood. 

In . 
excess at 

St. John’s 

Wood. 

At 

Royal Ob¬ 
servatory, 
Greenwich. 

At 

St. John’s 
Wood. 

In 

excess at 
St. John’s 
Wood, 

January . 

39-1 

sS-9 

—2*2 

38*3 

38*7 

+ 0-4 

43-7 

4§*1 

—0*6 

February ... 

3 5*2 

35’7 


32*7 

32*9 

4-0*2 

43*9 

43*7 

-0*2 

March. 

41*5 

41*6 

HSI 

35*2 

35*3 

4-0*1 

43*3 

44-0 

+ 0-7 

April . 

51-7 

52*2 


46-3 

47*5 

+ 1*2 

47*1 

46*8 

-0*3 

May . 

52*9 

52*5 


49-4 

49*2 

-0*2 

54-6 

55*6 

■SEW 

June . 

60*7 

59*9 


60-7 

60-6 

-0*1 

65*3 

65*2 

-0*1 

July . 

61*4 



59'8 

39-4 

— 0*4 i 64*5 

63*6 

-0*9 

August . 

57-7 

57*4 

—0*3 

i 67-3 

67-6 

4-0*3 j 


62*5 

—0*7 

September ... 

56*9 

57*4 

+ 0*5 

! 63-6 

63-8 

+ 0-8 60-1 

60*1 


October. 

49-5 

49*2 




-0*1 j 50*5 

49*9 

-0*6 

November ... 


43*3 

IR2B 

45*8 

45*3 

— 0*5 j 46*0 

44*9 

— M 

December ... 

33*0 

33*8 

+ 0*8 

41*7 

40*5 

-1-2 ; 

32*9 

32*7 

—0*2 


The observations at St. John’s Wood consisted of one observation of the maximum 
thermometer and of one observation of the minimum thermometer, daily, as well as 
three observations at different times every day of other thermometers. They were 
made by George Leach, Esq., to whom I am indebted for these results. The mean 
values for the month were obtained by the application of corrections from my tables. 
By examining the column of differences, no certain difference exists between the 
temperatures of the air at Greenwich and at St. John’s Wood. 


Table XV.—Mean monthly temperature of the Air at Fleet Street, London, as 
determined from observations taken by Mr. W. Simms, optician. 


| Year, j January. 

Feb. 


April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

1838. 

° 

o 

a 

O 

• 

0 

• 

o 

O 

52-6 

42*3 

39*9 

1839. 

38*5 

40*4 

40*4 

41*2 

50*8 

61*2 

61*5 

■»Tg« 

57*1 

51*1 

43*6 

41*3 

1840. 

41*4 

38*9 

39*8 

52*3 

55*5 

58*9 

59*4 

65-1 

54*8 

48-9 

45*8 

36-6 

1841. 

35*0 

36-2 











1842. 












47*6 

1843. 

42*6 

37*8 

43-6 

46*2 

49*4 

53*4 

58*4 

62-1 


47*3 

45*9 

47*1 

1844. 

43*6 

35*8 

43-5 

49*3 

50*0 

58*2 


56*8 

57*5 

50*4 

44*8 

36*7 

1845.; 

41*8 

35*2 


46*0 

46*9 

55*6 

58*6 

86-2 

54*3 

51*2 

47*8 

44*3 

1846. 

46*1 

45*4 


45*9 

53*9 

62*3 







1848. 

35*9 

44*3 


47*9 

57*9 

55*9 

63*4 

57*4 

58*0 

52*1 

I 44*1 

45*0 


These observations were taken with good instruments, and believed to be taken 
with every care: Mr. Simms very kindly lent me the original observations, from which 
I have deduced the above values. By comparison with the simultaneous observa¬ 
tions taken at Greenwich, it seems that the temperature at Fleet Street upon the 
whole year is 0° # 7 higher than at Greenwich. 
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Table XVI.—Comparison of the temperature of the Air at Somerset House, and at 
the Royal Observatory, Greenwich, and deduction of the numbers in every month, 
necessary to be applied to reduce the mean values at one place to those at the other* 



4 e 2 


2*4 

1*5 

0*3 
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Byfakfngthte means of the numbers In each column of differences, we find that 


the temperature of the air at 'the Apartments of the Royal Society teas 

f * ’•* I ■ t i • s » ' * ■ * ’ < 1 i • , > 1 ., o 1 

.Higher than at the Royal Observatory, Greenwich, in January by . * T6 
Higher than at the Royal Observatory, Greenwich, in February by . 1*4 

} Higher than at the Royal Observatory, Greenwich, in March by . . 1*1 

Higher than at the Royal Observatory, Greenwich, in April by . . . 1*1 

Higher than at the Royal Observatory, Greenwich, in May by , . , 1*1 

Higher than at the Royal Observatory, Greenwich, in June by . . . 09 
Higher than at the Royal Observatory, Greenwich, in July by . . . I'O 

Higher than at the Royal Observatory, Greenwich, in August by . . 1*3 

Higher than at the Royal Observatory, Greenwich, in September by . 1*1 

Higher than at the Royal Observatory, Greenwich, in October by . . 1*3 

Higher than at the Royal Observatory, Greenwich, in November by . 1*3 

Higher than at the Royal Observatory, Greenwich, in December by . 1*4 


And upon the whole year the excess of temperature at Somerset House was 1 °"2 ; and 
to reduce readings taken at Somerset House to those at Greenwich, it is necessary to 
subtract the preceding numbers from them ; and it is necessary to increase the read¬ 
ings of the Royal Observatory by the above numbers to make them comparable with 
those taken at the Royal Society. 

One part of these differences is owing to the difference of elevation, and which will 
amount to about 0°*3; the greater part of the remaining difference is most probably 
owing to the vicinity of the water of the Thames, whose temperature during the night 
hours, at all seasons of the year, is several degrees higher than that of the air (see 
remarks following Table XIII.). 

The general result of the preceding investigations, with respect to the temperatures 
of London and the country is, that those parts of London situated near the river 
Thames, are somewhat warmer upon the whole year than the country, but that those 
parts of London which are situated at some distance from the river, do not enjoy 
higher temperatures than those due to their latitudes. 

I proceed now to reduce the results at Somerset House to those of the Royal Ob¬ 
servatory, Greenwich, by applying the numbers following the preceding Table to the 
numbers in Table I. of my former paper, and to those in Table X. till the year 1840. 
After this date the numbers are extracted from the several volumes of the Greenwich 
Meteorological Observations. 
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Table XVII.-—Showing the mean temperature of each month at the Royal Obser¬ 
vatory, Greenwich, as found from the numbers In Table I. of my former paper till 


the year 1840, and from the observations at Greenwich from the year 1841. 

. i\ ! ' >, . . t _, * _■ , , 4 ) . ‘ • ; 


Year. 




April. 

M*y. 

, June. 

July. 


sags 


353 


1771. 

29-9 

3&*4 

sit 

8§*7 

5t*5 

54*0 

5&*5 

58-4 

5§*o 


40*9 

4f*4 

1773. 

32-2 

34*2 

38*5 

42*2 

48*6 

59*4 

60*0 

597 

55*0 

524 

43-4 

395 

1773, 

36*9 

34*0 

40*9 

44*2 

47*5 

55*6 

58 5 

609 

53*8 

48*2 

39*2 

38*2 

1774. 

31-5 

38*0 

42*8 

46*8 

51*1 

60*1 

61-8 

62*4 

647 

48*8 

39-2 

37*1 

1773. 

40*4 

41 9 

417 

497 

541 

62*6 

63*0 

60*8 

58*4 

48*2 

402 

39-3 

177C, 

270 

40*0 

487 

47*2 

506 

, 58*7 

62 8 

60*7 

54*5 

51*5 

427 

40*1 

1777. 

339 

35 8 

44*6 

44*0 

52*3 

56*3 

60*5 

62*4 

58*1 

51*3 

437 

3>8 

1773. 

34*8 

35 6 

40*1 

46*9 

54*8 

61*3 

87 0 

635 

534 

46*0 

447 

42*8 ' 

1779. 

34*8 

45*3 

47*0 

507 

51-7 

58*0 

64*9 

639 

60 7 

51*9 

41*9 

40*2 

178V. 

28*6 

35*3 

49*2 

43*6 

561 

59*1 

63*2 

657 

69*3 

50 0 

395 

36*6 

1781. 

36 2 

40 3 

42 6 

46*1 

53 1 

62*5 

65*3 

63*0 

56*8 

48*5 

417 

41*0 

1783. 

38*9 

34*4 

887 

407 

48*1 

57*9 

59*2 

567 

555 

45*2 

347 

36*2 

1783. 

36 9 

39 2 

377 

4 7*9 

46*3 

58-4 

657 

60 7 

54*6 

49*0 

42*5 

35*0 

1784. 

29*2 

31*9 

36*2 

420 

568 

56*2 

5 »5 

56*2 

57*3 

43*9 

40*7 

31*0 

1785. 

36*1 

30*4 

33*9 

46*2 

525 

59*4 

62*2 

57*5 

56-8 

46*9 

40*2 

35 2 

1783. 

35*9 

36*2 

34*2 

447 

52'3 

59*6 

59*0 

58*0 

51*3 

447 

367 

35*9 

1787. 

367 

39 5 

42*8 

44-i 

51 3 

57*8 

61*4 

61*1 

54*4 

48*6 

39*6 

39*6 

1788. 

374 

387 

188 6 

49*5 

56*3 

58*6 

60*6 

59*9 

55*9 

49*1 

40*6 

29*0 

1789. 

33*4 

399 

31 4 

44 1 

53*2 

54*8 

58*8 

60 2 

54*6 

46*8 

387 

41*6 

1790. 

38-6 

41*2 

432 

40 0 

52*6 

56*8 

59*1 

59*9 

539 

495 

42*0 

39*0 

1791. 

39*8 

38*8 

42 1 

48*8 

49*4 

57-6 

69*5 

61*4 

50*8 

466 

413 

34*8 

1792. 

34 9 

374 

42*1 

48*0 

49 0 

54*4 

58 6 

62*2 

55*4 

48 7 

43-2 

40*0 

1793. 

353 

397 

39*3 

42*4 

507 

55*4 

64*9 

59 0 

52*8 

51*9 

42*9 

41*0 

1794. 

33 3 

44 7 

44*3 

49*6 

50*6 

57*6 

653 

59*4 

537 

48 3 

43*3 

36*8 

1795. 

23*9 

311 

386 

45*1 

51 0 

537 

58*9 

60*8 

00*8 

534 

407 

44-8 

1790. 

45 3 

396 

39 0 

48 3 

50-1 

56*1 

58*6 

59*9 

59 1 

46*5 

403 

304 

1797. 

35*4 

35*6 

37*9 

447 

51*3 

54*8 

63*3 

50*0 

54*6 

47*0 

41-4 

41 2 

1798. 

37 8 

37*9 

40*7 

49*2 

53*0 

61*2 

61*2 

61*5 

56*5 

49*8 

40*0 

337 

1799. 

33 3 

36 4 

37*2 

41*5 

49*5 

55*6 

59*8 

57*5 

543 

473 

42*9 

32*8 

1800. 

36*9 

34 1 

37*5 

48*4 

54*0 

55 l 

63*2 

637 

57*9 

47*9 

42 2 

38-2 

1801. 

39 5 

38*5 

44 1 

45*4 

53 6 

58-4 

60*5 

62*5 

587 

50*9 

402 

36*1 

1802. 

HU 

389 

41*2 

48*5 

502 

676 

565 

64*8 

57 0 

49*5 

40*5 

37*8 

1803. 

334 

36*3 

423 

47*8 

50* 1 

56*2 

63 7 

617 

52*4 

48*9 

41*9 

43*3 

1804. 

43*2 

86*9 

41*1 

43*7 

56 6 

61 3 

602 

59*9 

59-4 

51*4 

44*1 

35*6 

1803. 

34 5 

387 

42 0 

45*3 

49*6 

54*5 

59*1 

617 

593 

47*4 

39-9 

395 

1800. 

406 

41*5 

40*7 

43*0 

55*0 

59-8 

61*2 

61*4 

57*0 

51*2 

47*4 

46-8 

1807. 

367 

400 

87*0 

45*4 

55 0 

577 

635 

637 

53 1 

530 

387 

36 6 

1808. 

370 

36*3 

37*1 

42*5 

57 1 

58*0 

65 7 

62*5 

55*3 

46*1 

43*9 

36*0 

1809. 

35*4 

441 

42*6 

41*1 

557 

57 5 

59*6 

58*9 

56 1 

49*6 

39*5 

41-0 

1810. 

34*4 

38 6 

42*2 

46*4 

49*7 

58*5 

60*9 

60*5 

59*4 

51*8 

! 42*8 

38*6 

1811. 

328 

40*1 

43 4 

48*7 

56 2 

57*6 

61*0 

58*5 

57*9 

55*5 

45*2 

38*6 

1812. 

35 9 

41*6 

38-4 

41*5 

51*2 

54*0 

57-4 

57*0 

55*9 

48*8 

40*6 

35*1 

1813. 

34*4 

41*6 

43*1 

43*8 

52*3 

55*3 

58-9 

583 

54*5 

47*3 

40*2 

36*6 

1814. 

26 9 

34*0 

35 1 

48*1 

486 

53*4 

61*1 

58*6 

54*9 

473 

| 40*7 

41*1 

1815. 

31*9 

41 2 

450 

46*6 

547 

58*0 

50*9 

60*4 

62*3 

51*4 

38*9 

370 

1810. 

367 

36*6 

39*2 

43*4 

48-8 

53*1 

54*5 

57*9 

58*9 

508 

39*3 

37*8 

1817. 

39*2 

42*6 

41*0 

43*9 

47*9 

59 1 

577 

55*4 

55 5 

45*0 

46-0 

37*1 

1818. 

39 3 

35*8 

40 9 

45*6 

52 5 

62 9 

66-2 

63*6 

00*7 

537 

40*2 

38*8 

1819. 

49 1 

400 

41*0 

48*2 

542 

50*4 

617 

63 8 

58*1 

47*5 

40*8 

37*0 


31 7 

36*9 

41*3 

49*3 

52 0 

56*1 

59 5 

585 

54*4 

47*0 

41*4 

39*9 

1821* 

375 

36*0 

42 8 

50*4 

49*4 

64*1 

57 7 

617 

59*6 

50*3 

47*6 

44*3 

1822. 

39 8 

43*3 

47*3 

46*7 

55*8 

62 6 

62 5 

61*3 

56*0 

52*0 

48*2 

36*4 

1823. 

31*8 

38 1 

39*8 

42*8 

516 

55 4 

59*1 

59*8 

55*4 

47*6 

43*0 

39*9 

1824. 

3* 4 

362 

39*5 

13*8 

40-5 

55*0 

62*5 

600 

577 

40*8 

46*2 

41*8 

1825* 

38:4 

38*1 

38*5 

487 

53*6 

58*9 

65 2 

61*8 

599 

50$ 

41*2 

40*6 

1826. 

320 

42*2 

43*2 

49*0 

50*0 

62*9 

65*6 

63*4 

56 3 

52*4 

39*9 

41*8 

1827. 

33*4 

31 6 

43*1 

46*8 

527 

57*6 

63*5 

590 

56*9 

518 

41*5 

44*1 

1828. 

39*8 

402 

43*5 

46*5 

54*3 

600 

81*9 

59 0 

57*5 

49*9 

44*3 

44*5 

1829. 

317 

384 

39*0 

437 

54*5 

59*0 

60*1 

577 

532 

47*5 

39*3 

34*9 

1830. 

307 

34*2 

45*8 

48*3 

547 

55*3 

630 

58*2 

535 

509 

44 4 

34*9 

1831. 

34*4 

412 

430 

48*1 

52*8 

59*4 

64*3 

63*3 

50*4 

55*0 

44*3 

42*0 

1832. 

37*3 

36*9 

40*5 

47*2 

51*5 

592 

61*2 

61*0 

566 

51-2 

437 

42*4 

1833. 

34*5 

42*4 

37*6 

45*2 

59*4 

59*8 

61*1 

575 

53*5 

48*3 

43*5 

44*6 

1834. 

44*4 

40*2 

44*0 

45*0 

56*9 

61 1 

64*1 

62*3 

58*3 

505 

44 1 

41*0 

1835. 

38*0 

41*2 

41*0 

46*4 

52*9 

60*0 

64*4 

63*3 

57*1 

48*0 

43*0 

34*9 

1836. 

37*2 

i 36 9 

437 

43*3 

52*8 

59*0 

62*9 

58*9 

53*4 

47*4 

41*5 

30 6 

1837. 

37*2 

40*3 

35*8 

30*1 

47*8 

58*1 

61*3 

601 

55*0 

50*6 

4)1 

41*2 

1838. 

28*9 

32*9 

41*5 

41*6 

507 

57*2 

60*5 

59*6 

54*4 

50*0 

408 

38*6 

1839. 

87*2 

30*1 

30*0 

40*9 

49*9 

587 

60*2 

58*9 

55*6 

48*9 

447 

39*6 

1840. 

390 

38*1 

37*6 

47*8 

535 

59*5 

58*0 

62*1 

54*1 

46*8 

43*4 

33*3 

1841. 

33*6 

35*3 

46*2 

VT7« 

56-8 

56*4 

57*8 

60-5 

58*1 

48*8 

427 

40*5 

1842. 

32*9 

40*8 

44*0 

452 

532 

62-0 

60*2 

65*4 

56*4 

45*4 

42-8 

45*0 

1843. 

89*9 

36*0 

42*0 

471 

52*2 

56*3 

60*9 

62*1 

69*5 

48*0 

43*8 

43*9 

1844. 

39*1 

35*2 

41*5 

517 

52*0 

607 

61*4 

577 

56*9 

40*5 

44*0 

33*0 

1845. 

38*3 

327 

35*2 


49*4 

607 

59*8 

57*3 

536 

50*2 

45*8 

417 

1840. 

437 

43*9 

43*3 

47*1 

54*6 

65 3 

64*5 

63*2 

mam 

50*5 

46*0 

32*9 
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By taking the means of the numbers in each column, we find that 

The mean temperature of January from all the observations is. 
The mean temperature of February from all the observations is 
The mean temperature of March from all the observations is . 
The mean temperature of April from all the observations is. . 
The mean temperature of May from all the observations is , . 

The mean temperature of June from all the observations is . . 

The mean temperature of July from all the observations is . . 

The mean temperature of August from all the observations is . 
The mean temperature of September from all the observations is 
The mean temperature of October from ail the observations is 
The mean temperature of November from all the observations is 
The mean temperature of December from all the observations is 
And the mean of all the monthly results is 48°*3. 


357 

38*2 

40*9 

457 

52*6 

58*0 

61*3 

60*5 

56*3 

49*3 

42*4 

38*8 


Table XVIII.—Showing the Highest and Lowest monthly mean temperature in 
every year from 1/71 to 1849, with the amount of difference of temperature. 


Year. 

Monthly mean 
temperature. 

Difference 
between 
the hottest 

Month of temperature. 

Year. 

Monthly mean 
temperature. 

Difference 
between 
the hottest 



Highest. 

Lowest 

and coldcn 
months. 

Highest. 

Lowest. 


Highest.J Lowest. 

and coldest 
months. 

Highest. 

Lowest. 

J 

I 

595 

60-0 

609 

m4 

630 

62-8 

62-4 

670 

64-9 

657 

653 

592 

657 

59-5 

62 *2 
59*6 
61*4 
60*6 
60*2 
599 
61*4 
62*2 
64*9 
65*3 
60*8 
599 
633 
61*5 
59*8 
637 
62*5 
64 8 
637 
60*2 
617 
61*4 
637 
657 
59*6 
60*9 

2&*9 
32*2 
34*9 
31*5 
39*3 
27*0 
33*9 
34-8 
348 
28*6 
36 2 

344 
350 
292 
30*4 
35*9 
367 

29 0 
33*4 
38*6 
34*8 
34*9 
35*3 
33*3 
23*9 
30*4 
35*4 
337 
32*8 
34-1 
36*1 
32*9 
33*4 
35*6 

345 
40*6 

3 6 6 
36*0 
35*4 
34*4 

296 

27*8 

26*0 

303 

237 

35*8 

28*5 

32*2 

30*1 

37*1 

291 

24*8 

307 

303 

31*8 

237 

247 

31 6 
26*8 
21*3 
26*6 
273 
29*6 
32*0 
36*9 
29*5 
27*9 
278 
270 
29*6 
26*4 
31*9 
30*3 
24*6 
27*2 
20*8 
27*1 
29*7 
24*9 
26*5 

July. 

July. 

August. 

August. 

July. 

July. 

August. 

July. 

July. 

August. 

July. 

July. 

July. 

July. 

July. 

Jane. 

July. 

July. 

August. 

August. 

August. 

August. 

July. 

July. 

Aug. and Sept. 
August. 

July. 

August. 

July. 

August. 

August. 

August. 

July. 

July. 

August. 

August. 

August. 

July. 

July. 

July. 

January. 

January. 

February. 

Januaty. 

December. 

January. 

January. 

January. 

January. 

January. 

January. 

February. 

December. 

January. 

February. 

Jan. and Dec. 

January. 

December. 

January. 

January. 

December. 

January. 

January. 

January. 

January. 

December. 

January. 

December. 

December. 

February. 

December. 

January. 

January. 

December. 

January. 

January. 

December. 

December. 

January. 

January. 

1811. 

1812. 

1813. 

1814. 

1815. 

1816. 

1817. 

1818. 

1819. 

1820. 
1821. 
1822. 

1823. 

1824. 

1825. 

1826. 

1827. 

1828. 

1829. 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1838. 

1839. 

1840. 

1841. 

1842. 

1843. 

1844. 

1845. 

1846. 

1847. 

1 1848. 

1849. 

61*0 
57*4 
58*9 
61*1 
623 
58*9 
59 1 
66*2 
63*8 
59*5 
617 
62*6 
59*8 
625 
65*2 
65*6 
63*5 
61*9 
60*1 
63*0 
64*3 
61*2 
61*1 
64*1 
64*4 
62*9 
61*3 
60*5 
60*2 j 
62*1 I 

60*5 

65*4 

02*1 

61*4 

60*7 

65*3 

05*4 

01*5 

629 

32*8 

35*1 

34*4 

26*9 

31*9 

36*6 

37*1 

358 

37*0 

317 

36*0 

364 

31*8 

36*2 

38*1 

32*0 

31*6 

39*8 

317 

307 

34*4 

36*9 

34*5 

40*2 

34*9 

36*9 

35*8 

28*9 

37*2 

33*3 

33*6 

32*9 

36*0 

33*0 

32*7 

32*9 

35*1 

34*6 

39*1 

2§*2 

22*3 

24*5 

34*2 

30 4 
223 

22 0 

30 4 
26*8 
27*8 
25*7 
26*2 
280 
263 

27 l 
336 
31*9 
22*1 
28*4 i 
323 
29*9 
24*3 j 
26*6 
239 
29*5 
26*0 1 
25 5 
31*0 
28*0 
28*8 
209 
82*5 
261 
28*4 
28*0 
! 82 4 
30*3 
269 
23*6 

July. 

July. 

July. 

July. 

September. 

September. 

June. 

July. 

August. 

July. 

August 

June. 

August. 

July. 

J uly. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

August, 

August. 

August. 

August. 

July. 

June. 

June. 

[July. 

July. 

August. 

January. 

December. 

January. 

January. 

January. 

February. 

December. 

February. 

December. 

January. 

February. 

Deccm ber. 

January. 

February. 

February. 

January. 

February. 

January. 

January. 

January. 

January. 

February. 

January. 

February. 

December. 

February. 

March. 

January. 

January. 

December. 

January. 

January. 

February. 

December. 

February. 

December* 

January. 

January. 

December* 
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The mean of all the differences between the hottest and coldest months in every 
year is 28 0, 5. 

In the year 1790 the difference was 21 0- 3 only, and in the year 1780 it was as large 
as ST 0 ’!, these numbers being respectively the smallest and largest within the period 
of seventy-nine years. 

The coldest month in the year has occurred in January forty-three times, in February 
fifteen, in December twenty-one, and in March once; this unusual circumstance took 
place in the year 1837. 

The hottest month in the year has taken place five times in June, forty-seven times 
in July, twenty-five times in August, and three times in September. 

The following are the values ofr the extreme mean temperatures in every month:— 


In January 1795 the mean temperature was 23*9, 
In February 1785 the mean temperature was 30*4, 
In March 1785 the mean temperature was 33*9, 
In April 1771 the mean temperature was 38*7, 
In May 1773 the mean temperature was 47*5, 
In June 1816 the mean temperature was 53*1, 
In July 1816 the mean temperature was 54*5, 
In August 1817 the mean temperature was 55*4, 
In September 1786 the mean temperature was 51*3, 
In October 1784 the mean temperature was 43*9, 
In November 1782 the mean temperature was 34*7, 
In December 1788 the mean temperature was 29*0, 


and in January 
aud in February 
and in March 
and in April 
and in May 
and in June 
and in July 
and in August 
and in September 
and in October 1811 
and in November 
and in December 


1796 it was 45*3. 
1794 it was 44*7. 
1780 it was 49*2. 
1844 it was 51*7. 
1848 it was 59*7. 
1846 it was 65*3. 
1778 it was 67*0. 
1780 it was 65*7. 
1815 it was 62*3. 
and 1831 it was 55*0. 
1822 it was 48*2. 
1806 it was 46*8. 


It is clear from these numbers that observations for a few years only can never be 
of great importance, when we consider that the difference of the monthly means of 
the winter months may be as large as 20°, and of the summer months of 11° or 12°. 

By taking the means of the numbers in the Table in different groups of years the 
next Table is formed. 


Table XIX. — Showing the mean temperature of the Air at the Royal Observatory, 
Greenwich, in every month in successive groups of years. 


Period. 

Jan. 

Feb. 

March. 

ApriL 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec* 

From 1771 to 1779. 

33-5 

37-7 

41*6 

45*6 

52*0 

58*4 

62-0 

61*2 

55*6 

49-5 

o 

41*8 

39*4 

From 1780 to 1789. 

34*9 

36-6 

38*8 

44*9 

52*8 

58*4 

61-5 

60-0 

55-7 

47*3 

40*5 

36-1 

From 1790 to 1799. 

35*8 

38*5 

40*4 

45*9 

50*9 

56-3 

60-9 

60*1 

55’8 

48*9 

41*8 

37*5 

From 1800 to 1809. 

37-0 

38*5 

40*6 

45’1 

53*7 

57-6 

61-3 

62-1 

56-6 

49-6 

41*8 

39*1 

From 1810tol819> 

35-2 

39*2 

41*3 

45-6 

51-6 

56-8 

59-9 

59-4 

57'8 

49-9 

42*4 

37*8 

From 1820 to 1829. 

35-4 

38*1 

41*8 

46-8 

52*6 

58-2 

61-8 

60-2 

56*7 

49*9 

43*3 

40*8 

From 1830 to 1889. 

36-0 

38*5 

41*3 

44*5 

52*9 

S8-8 

62-3 

60-3 

55*4 

50* 1 

43*1 

39*9 

From 1840 to 1849. 

EL 

38*4 

41*9 

46-9 

54*3 

69-6 

6l-2 

61-2 

56*8 

49-5 

44*0 

39*7 


The next Table is formed by taking the difference between the mean temperature 
of each month, as found from all the years, and the mean temperature of the same 


month in every year. 
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Table XX.—Showing the excess of the monthly mean temperature at Greenwich, 
in every year, above the mean temperature of the month from all the years. 




November . 

December. 

-$•1 

— f*5 

+§*6 j 

4 * 8*1 

4 - 1*0 

+ 0*7 

-M 

- 3*2 

- 0*6 

- 0-5 

- 3*2 

-17 

- 1*1 

- 2*2 

+ 0*5 

! 4 - 2-3 

4 - 0*3 

+ 1*3 

4*20 

4 - 1*3 

- 3*0 

— 8*3 

4 - 2*3 

+ 4<0 

4 - 2*6 

-05 

+ 1*4 

4-07 

- 2*9 

- 2*2 

-08 

- 0*7 

+ 2*2 

-41 

-77 

- 2*6 

- 0*3 

4 - 0*1 

- 8*8 

— 5*4 

-17 

- 7*8 

-2 4 

- 2*2 

-3 6 

— 4*6 

-57 

- 2*9 

-07 , 

— 2*8 

+ 0*8 

- 0*2 

- 1*8 

- 9*8 

— 2*5 

-37 

+ 2*8 

+ 0-2 

- 0*4 

+ 0*2 

- 2*7 

- 1*1 

- 4*0 

- 0*6 

4 - 0*8 

+ 1*2 

-26 

4 - 0*5 

+ 2*2 

-1 0 

4-0 9 

-20 

4 * 4*1 

-17 

+ 6*0 

-2 8 

- 2*1 

- 8*4 

- 2*8 

-10 

+ 2*4 

4-05 

—21 

- 5*1 

- 2*0 

4 - 0*5 

— 6*0 

— 1*4 

- 0*2 

-0 6 

4 - 1*0 

-22 

- 2*7 

4 - 0*2 

- 1*9 

- 1*0 

- 0*4 

— 0*5 

+ 4*5 

4 - 2*1 

4-17 

- 3*2 

— 1*9 

- 2*5 

+07 

4 - 1*9 

4-60 

+ 8-0 

4-37 

-37 

— 2*2 

- 3*2 

4 - 1*5 

- 2*8 

4 - 0*3 

— 2*9 

+ 2*2 

4-25 

4 * 0*4 

- 0*2 

4 - 6*2 

4 - 2*8 

- 0*2 

- 0*5 | 

- 1*8 

-37 

- 2*0 

-22 

-22 

- 2*0 

-17 

+ 2*3 

4 - 2*1 

-35 

-1*8 

4 - 1*5 

-31 

- 1-0 

- 4*3 

4 - 4*5 

-17 

4 - 4*4 

4 - 6*8 

0*0 

- 1*8 

- 1*6 

- 1*8 

-23 

- 1*0 

+ 1*1 i 

4 - 1*0 

4 - 5*2 

+ 5*5 | 

4*37 

4 - 5*8 

- 2*4 

-17 

4 - 0*6 

+ 1*1 

+ 0*5 

4 - 3*8 

+ 3*0 j 

4-15 

- 1*2 

+ 1*8 

* 4 * 3*1 

-25 

+ 3-0 

4 - 2*5 

-09 

+ 5*3 

4 - 0*6 

4 - 1*9 

+ 5-7 

- 1*8 

- 3*1 

- 3*9 

4 - 1*6 

4 * 2*0 

- 3-9 

4-57 

4 - 1*9 

4-32 

+ 1-9 

4 * 1*3 

+ 3*6 

- 1*0 

4-11 

+ 5*8 

4 - 1*2 

4-17 

+ 2*2 

- 1*3 

4 * 0*6 

— 8*9 

- 1*9 

- 0*9 

+0*8 

4 - 1*3 

-13 

+ 2*4 

4«7 

- 1*6 

-0 2 

- 0*4 

4 - 2*3 

+ 0*8 

- 2*5 

4 - 1*0 

- 5*5 

— 0*5 

+ 0*3 

+J* 

-3 9 

4 - 0*4 

+ 6*2 

- 1*3 

4 - 1'4 

4*3*1 j 

4 - 0*2 

+ 1*6 

-5*8 

4 - 0*9 

+ 3*4 

4 - 2*9 

4 - 1*2 

+ 3*6 

- 5*9 

4 - 3*6 

; + 4*5 

+4-0 
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' By takhigthe means of thenumbefs in eachcolumnwitboatrespect to sign,' we 
find that the variability of temperature is greatest inthe Winter months; its mean 
Value in January is 3 6f l; in both February and March is 2 P *8; in April is 2° - 3; id 
play and June is 2°*0; in the months of August, September and October, whose temj- 
peratures are the steadiest, it is 1°‘9; in November it is 2°*0, and'in December, it is 
$°'l, as in January. • • | j 

i The numbers in the preceding Table very clearly show that causes) exist, pt different 
times, which raise or depress the temperature, and which continue through'long 
periods. • ' t, • -■ -1 j 

t As in the distribution of the positive and negative signs in the space of severrtyf- 
nine years, we perceive a gradual increasing preponderance of the positive signs over 
the negative signs, it seems that the temperature of the climate during this period ihais 
increased. 

* As the mean results from so long a series of observations may be considered ajs 
true, having the advantage of being free from errors of observation and from those 
arising from imperfect instruments, we may really consider the numbers in the above 
Table as abnormal values; yet as it seems most desirable to have those at the beginning 
of the series confirmed by the description of each year, made without instrumental 
means, for this purpose, as well as for the comparison of the character of the climate 
at the beginning and at the end of the series, I have collected tbe following brief 
particulars of every year till that of 1800; after this time the general characters of the 
years are well known. 

1771-—There were frequent and very sharp frosts till April 20. On February l i 
the reading of the thermometer was as low as 4°; the month of May was warm $ the 
summer was cool and dry; October was a wet and windy month, and the weather 
was mild to the end of the year. The severe weather of tbe beginning of the yeaj 1 
caused a bad seed time, and the harvest was very late. j 

1772.—The beginning of tbe year was mild; from the middle of January frosts and 
great snows were frequent, and continued to the middle of March. Tbe summer was 
very fine; the autumn was mild but wet, and there was no frost till December 22. < 

' 1773*—With the exception of the latter part of February, which was, stormyand 
Wet, there was much fine weather till the beginning of May; then many morpfogi 
Were frosty, after which heavy rain fell frequently till June. The summer was fine \ 
the autumn was wet. There were sharp frosts at the end of November mid at? tb^ 
beginning of December. 

1774.—The year began with severe frost, and fbr nearly two months tbe ground 
was frost-bound; occasionally there were great rains or snow; the weather was mere 
moderate in April; the summer was cool with heavy rains. The autumnal months 
were wet, particularly in September. Some snow fell in November and beginning of 
December. This year was remarkably wet. 

; 1776.—Tbe weather was mild at the beginning of the year. The summer was dry 
HDCCCL. 4 F 
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and hot; thunder-storms were frequent, in autumn. The year was Very fine, and 
grain was cheaper than it had been for many years past. 

1776-—In January there fell a greater quantity of snow than had fallen for some 
years, and the frost was supposed to have been the most severe since 1740. The 
frost went away at the beginning of February, and the weather following was mild 
and wet; it became hot about the middle of April. May was cold and dry, with north 
winds; after this the weather was mostly fine till the end of December, when there 
was a sharp frost. 

1777. —The year began with a sharp frost, and heavy falls of snow continued till 
towards the end of February; for a few days about the end of March the weather was 
unusually hot, the reading of the thermometer being nearly 70 °; after this the weather 
was windy and cold till June. The latter part of the summer and autumn was fine. 
The year ended with frost and snow. 

1778. —There were frost and snow at the beginning of the year; the beginning of 
April was fine. The summer was fine and hot, supposed at the time to have been as 
fine a summer as that of 1762, if not as fine as the summer of 1750. Frosty mornings 
began in September, but were less frequent afterwards. On the last day of this year 
there was a violent storm, supposed by some to have been as violent as that of 1703. 

1779-—After the beginning of January there was no frost; the spring months were 
remarkably warm. In February wall fruit flowered; the middle of April was quite 
hot, as was the summer and autumn; about the middle of November there was a little 
frost, and again on December 22 : there was much sickness this year. 

1780. —This year began with a frost almost as severe as that in 1772; there was not 
much snow, and the weather continued severe till near the end of February. The 
month of March was warm; it was hot from July to September, and mostly mild till 
Christmas, when a frost set in. The year was sickly. 

1781. —There was a little frost at the beginning of the year; the spring was mild, 
the summer was hot, and the ground was much burned. Autumn was fine and plea¬ 
sant, and there were only a few frosty mornings during the remainder of the year. 

1782. —The beginning of the year was mild, but in February it was frosty, and the 
remainder of the winter was severe; the spring was cold ; nearly 12 inches of rain fell 
in April and May; the weather was fine in June, but bad afterwards; the autumn 
was cold; it was severe in November, and during the first half of December. 

1783. —The spring was pleasant, with frosty mornings very constant till near April. 
A remarkable haze was prevalent all over Europe during the summer. The autumn 
was fine, and the weather was mostly mild till the last week in December, when a 
great fall of snow took place. 

1784. —There was 6teady frost with snow till February 21, and till the end of 
March the mornings were frosty; and at the end of March there were cold winds with 
snow. This weather continued till the middle of April; and till the first week in May 
frosty mornings were frequent, and the remainder of May was exceedingly hot. There 
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were a few hot days m July, but the weather was precarious throughout the autumn 
and in December the frost was as severe as it was in January. 

1785. —The severe frost of the preceding month broke early in January, but on the 
last day of that month a second very severe frost set in and continued till the middle 
of March. This winter was most severe. The summer and part of autumn were 
showery; a heavy fall of snow took place at Christmas, with severe frost. 

1786. —The frosts at the beginning of the year were of short duration. From the 
beginning of March there was a severe frost of a fortnight’s duration, and cold E. and 
N.E. winds were prevalent with frosty mornings till the beginning of May. June 
and July were moderately fine; August was cold and showery ; and from this time to 
the end of the year there was a great deal of rain. 

1787. —The year began with open weather. April was cold with N. winds, and 
vegetation was stopped; during April and May frosty mornings were frequent, and 
there was a sharp frost on the morning of the 7th of June; it was a cold summer; 
the autumn was mild, and there was a heavy fall of snow and a week’s frost at the end 
of the year. 

1788. —January and February were mild, the latter month being wet; there was a 
fortnight's frost in March; there were several periods of hot weather in April, May 
and June. The summer was in general dry; autumn was fine; there was a gentle 
frost at the beginning of December, then an exceedingly severe frost set in with heavy 
falls of snow, which continued to the end of the year. This year was remarkable for 
abundance of fruits, &c. 

1789. —Very heavy storms of wind and snow took place till the middle of January; 
and large rivers were frozen over; there was a great loss of fish in ponds from the 
severity of the cold. After the frost broke the weather was mild, but windy and wet. 
During March there were nearly constant N. winds, and heavy falls of snow were 
frequent with sharp frost. The summer was mostly wet; August was fine, after which 
it was again wet, and continued so to the end of the year, with scarcely any frost. 

1790. —The weather was mild and open till April, when the first snow fell in the 
year, and the weather, during the beginning of this month, was the most severe during 
the winter. The summer was cool, cloudy and windy; autumn was fine and pleasant; 
December was stormy with very changeable weather. 

1791. —Till January dth there was frost; after this the weather was mild rill to¬ 
wards the end of April; there were many frosty mornings with cold N.E. winds in 
May. The former part of the summer was cold; frosty mornings were frequent tilt 
the middle of June, the latter part of summer and autumn. During November and 
December there were frequent storms and fells of snow and frost. 

1792. —There were frequent sharp frosts rill March, with stormy and wet weather; 
the beginning of March was mild, after this there was a frost of a week’s duration. 
The summer was wet and cold; the autumn was wet, and December was cloudy, 
with very little frost. This year was very wet. 

4 f 2 
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1798 .—January and February and beginning of March were mild; a frost set in 
at the end of March; there was a great fall of snow in the first week in April. The 
former part of the summer was cold, with frequent frosty mornings till Jane; July 
was wet; the autumn was fine, mild and calm, and there was no frost till the end of 
the year. 

1794. —The year began with slight frost, which continued till the end of January; 
February was very mild; the spring was warm till May, which was cold; July was 
hot; the autumn was wet but mild, as was the first part of December, but the wea¬ 
ther during the latter half of the month was severe with heavy snow. 

1795 . —The frost began about the middle of December 1794, was excessively severe 
in January, and continued till the end of March. There were very large falls of snow, 
and the consequent floods were so great that nearly all the bridges in England were 
injured. Some snow fell in April. The summer was cold, with frequent frosty morn¬ 
ings till June; there were some hot days in July, but it was generally cold; after this 
the weather was fine till autumn. In December much injury was done to shipping 
by the strong S. and S.W. winds; there was no frost. 

1796. —January was remarkably warm, with occasional thunder-storms; there was 
no frost till March, and then of no long duration. The summer was cool; the autumn 
was fine with a few frosty mornings at the end of November; in December a severe 
frost 6et in, and the reading of the thermometer in many places on the 24th was 
below zero of Fahrenheit’s scale. 

1797. —During a few days in January the frost continued; after this, till the end of 
March, scarcely any rain fell, and the weather was fine with frequent frost. From 
April to September there were frequent heavy rains. The summer was cold; there 
was some warm weather in July; the autumn in general fine, and the weather con¬ 
tinued open till the end of the year. 

1798. —With the exception of a few slight frosts, which occasionally occurred till 
March, the weather was open and inild. The summer was fine, as was autumn and 
the beginning of December; after this a very severe frost set in, and the reading of the 
thermometer was as low as 5°. 

1799. —The severe frost which set in about the middle of the preceding month 
continued to the middle of January, and again set in towards the end of the month 
with much snow, which continued during the first week in February; some snow 
fell in March, and the mornings were frosty till the end of the month. From April 
to the middle of November was wet; December was foggy; and after the 17th a severe 
frost set in with snow falling. The whole year was remarkably cloudy. 

If we compare the character of the preceding years with the abnormal differences 
shown for the same years in Table XX., the agreement is most satisfactory, and leaves 
no doubt upon the correctness of the numbers at the beginning of this series. I do 
not think it necessary to describe the years from that of 1800, as most of them are 
well described by Luke Howard in his * Climate 6f London.' 
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Table XXI.—Showing the mean temperature in quarterly periods, for the yew, and 
' the same for successive groups of years, at the Royal Observatory, Greenwich, from 
the year 1771 to 1849. 
































































590 MR. GLAI8HER ON THE THERMOMETR1CAL OBSERVATIONS TAKEN AT 


Tabu XXI. (Continued.) 


Year. 

January, 

February, 

March. 

Group of 
years. 

April, 

May, 

June. 

Group of 
years. 

July, 

August, 

September. 

Group of 
years. 

October, 

November, 

December. 

Group of 
yean. 

_ 

For the 
year. 

Group of 
yeaim. 

1890 . 

sfe -6 


0 

58*5 " 

0 

87*5 


0 

48*8 


0 

45*4 


o 

1881 . 

88*8 



51*3 


58*7 



47*4 



49*3 



1898 . 

43*5 



55*0 


59*9 



45*5 



51*2 



1883 . 

36*6 





58*1 



43*5 



47*3 



1824 . 

1828 . 

37-7 

38 * 3 , 


► 38*4 

49*4 

53*7 

> 52*5 

60-1 

62-3 


> 59-6 

45*9 

44*8 


► 44*7 

48-3 

49*6 


► 48*6 

1826 . 

391 


. 

54*0 


61-a 



44*7 



49*9 



1827 . 

36-0 



58*4 


59*8 



45*8 



48*5 



1888 . 

41-2 



33-6 


59*5 



46*2 


50*1 



1889 - 

36*4 

J 


58*4 


67-0 



40-6 



46-6 

J 


1830 . 

36-9 



58*8 “ 


58*2 

1 


43*4 



47*8 



1831 . 

39*8 



53*4 


61-3 



47*1 



50*4 



1838 . 

38*2 



58-6 


59-6 



45*8 



49*1 



1833 . 

38*8 



548 


57*4 



45*5 



49*0 



1834 . 

1835 . 

48*9 

40*1 


> 38-6 

54*3 

53*1 

> 58*1 

61*6 

61*6 


► 59*3 

45*2 

48*0 


► 44*4 

51*0 

49*2 


> 48*6 

1836 . 

39*3 



51*7 


58*4 



48*8 



48*1 



1837 * 

37'8 



48*3 


58*8 



44*3 



47*3 



! 1838 . 

34*4 



49*8 


58*2 



43*1 



46*4 



1839 . 

38*4 

j 


49*8 


58*2 



44*4 



477 

J 


1840 . 

38*2 

- 


53*6 


58*1 



41*2 



47*8 

i 


1841 . 

38*4 



53*5 


58*8 






48*7 



1848 . 

39*5 



53*8 





44*4 



49*6 i 



1843 . 

39*6 



51*9 





45*8 



49*4 



1844 . 

1845 . 

38*6 

35*4 


, 39*3 

55*1 

58*1 

>. 53*6 

88-7 

86-9 


, 59*7 

42*2 

45*9 


► 44*4 

48*7 

47*6 


► 49*2 

1846 . 

43*6 



55*7 


I 62*6 



43*1 



51*3 



1847 * 

37*2 



53*8 





47*5 



49*6 



1848 . 

40*6 



55*3 





46-5 



50*2 



1849 . 

41*9 



51*7 

- 

61-3 

k 


44*8 



49*9 

i 



The mean temperature from all the observations 
For the quarter ending- March . 31 was 38‘3, 

„ June . 30 was 52*1, 

„ September 30 was 59*4, 

„ December 31 was 43*4, 

and for the year from all the observations was 48°*29. 

By taking the difference between these numbers, and those contained t» the pre¬ 
ceding Table, the next Table is immediately formed. 
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Table XXII.—Showing the excess of the quarterly Mid yearly mean temperatures, 
in every year, and the same for groups of years, above the means from all the years. 
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Table XXII. (Continued.) 


Year. 

Jamjaiy, 

February, 

March. 

Group of 
years. 

K 

June. 

Group of 
years. 

July, 

August* 

September. 

Group of 
years. 

October, 

November, 

December. 

Grouped 

years. 

For the 
year. 

years. 

1820. 

— 1*6 

A 

+ 0°*4 

mn 

-1°*9 

_ o 

—0*6 


—*9 

S. 4>< 

1821. 



-0*8 

tv,; 

+0*3 


'lEll 


+ 1*0 


1822. 

■929 


+2*9 


+ 0*5 


+ 2-1 


+2-7 

j 

1823. 



-1*2 


-1*3 


' gSQl 


-1*0 


1824. 

1825. 

—0*5 

0-0 

►+0*2 

-2-7 
+ 1*6 


B31*B 

►+0’2 

+ 2*5 
+ 0*8 

y+i* 

0*0 
+ 1*3 

►+0*5 

1826. 

+ 0-9 


+ 1*9 


MEM 


+ 1*3 


+ 1*6 


1827. 

—2*3 


+0-3 

1 H 

+ 0*4 


+ 2*4 


+ 0*2 


1828. 

+ 3*0 


+ 1*5 

9 

+ 0*1 


+2*8 


+ 1*8 


1829. 

-1-9 

J 


■Bi 

-2*4 

J 

-2*8 

J 

-1*7 

J 

1830. 

-1*3 



jBb 

-1*2 


EX 


-0*5 

**1 

1831. 

+ 1-5 


1 +1-3 


+ 1-9 


! +3*7 


+2*1 


1832. 

0-0 




+ 0*2 


« +2*4 


+ 0-8 


1833. 

-0*1 


+2*7 


-2*0 


+ 2*1 


+ 0*7 


1834. 

1835. 

+ 4-7 
+ 1-8 

►+0-4 

+ 2*2 
+ 1*0 


+ 2*2 
+ 2*2 

► -0*1 

+ 1-8 
-1-4 

► + 10 

+2*7 
+ 0*9 

►+0*3 

1836. 

+ M 


m 


-1*0 


-0-6 


ID3I 


1837. 

—0*5 


-3*8 


—0*6 




-1*0 


1838. 

—3*8 


-2*3 


-1*2 




-1*9 


1839. 

+0*1 


-2*3 


-1*2 


+ 1*0 

J 

-0*6 

- 

1840. 

0*0 


+ 1*5 

| 

-1*3 - 


-2*2 


-0*5 

* 

1841. 

+ 0*1 


+ 1*4 


EB 


■Uifl 


msmi 


1842. 

+ 1*3 


+ 1-7 


+ 1-3 


IU1 


+ 1*3 


1843. 

+ 1*3 


-0*2 


+ 1-4 


+ 1*8 


+ 1*1 


1844. 

1845. 

+ 0*4 
-2*9 

. + 1-0 

+ 3-0 

0-0 

sa 

—0*7 

-2*5 

►+0*3 

-1*2 
+ 2*5 

► + 1*0 

EH 

►+i*o 

1846. 

+5*4 


+ 3*6 


+ 3*2 




+ 3-0 


1847. 

-1*1 


+ M 


+ 1*2 


+ 4*1 


+ 1*3 


1848. 

+2*3 


+ 3*2 


ilggiB.Mfl: 


+ 3*1 


+ 1-9 


. 1849. 

+3*6 j 


Ell! 

■I! 

+ 1*9 


+ 1*4 


+ 1*6 



The sign — denotes that the temperature of that period was below the average, 
and the sign + denotes that it was above the average. 

These numbers do not at all confirm the idea that a hot summer is either preceded 
or followed by a cold winter, or vice versd ; on the contrary, it would seem that any 
hot or cold period has been mostly accompanied by weather of the same character. 
The cold year of 1771 was followed by two cold years. The hot year of 1779 was 
preceded by one warm year and followed by two others. In 1780 the extreme cold 
of January was more than counterbalanced by the extreme heat of March. The cold 
year of 1782 was followed by a long series of cold years. The very cold year of 1799 
was followed by a cold autumn and winter. The warm year of 1806 was preceded 
by a warm winter. The very cold year of 1814 (the last very cold year we have had) 
was pveceded by a cold summer, autumn and winter. The hot year of 1818 was pre¬ 
ceded by a moderate winter, and was followed by a warm one. The hot year of 1822 
was preceded by a warm winter and was followed by a moderately cold one. The 
hot year of 1834 followed a very mild winter and was followed by another. The hot 
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year of 1846 was preceded by a warm winter and was followed by a moderate one. 
The warm year 1848 was both preceded and followed by warm periods. 

The mean temperatures of the years 1771, 1782, 1784, 1786, 1799 and 1814, were 
ell below 46°; the coldest was 1784, and its value was 45° # 1. x 

The mean temperatures of the years 1779, 1818, 1822, 1834 and 1846, were a\\ 
above 50°*5 ; the year of highest temperature was 1846, and its value was 61°*3. 

Thus seventy-nine years, from 1771 to 1849 inclusive, gives a mean temperatur^ 
of 48°*3, with a variation, between one year and another, from 45°*1 in 1784 to 51°*3 
in 1846; the difference is 6°*2. 

j 

Table XXIII.—Showing the mean temperature of the Air in Spring, Summer^ 
Autumn, Winter, and for the year from March, and the same for successive groups 
of years. j 
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Tasms XXIII. <Contim»e44 



The mean temperature from all the results for Spring is.49*4 

The mean temperature from all the results for Summer is. 60*0 

The mean temperature from all the results for Autumn as.49*8 

The mean temperature from all the results for Winter is.87*6 

The mean temperature from all the results for the Year is.48*3 


Hie mean temperature of spring, from all the observations, is 46°*4. 

The years distinguished by cold springs were 1771, 177*, 1782,1786, 1789,1799, 
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1812, 1814, 1816-, 1887, 1888 and 1845, and’ the. mean of their temperatures was 
4»°-l. .* 

The coldest spring, during, the whole period;, was in. the year 1837, and its mean 
temperature was 48 p, 9. 

The years distinguished by hot springs were 1779, 1780, 1811, 182% I830i, 1841 
and 1848, and the mean of their temperatures was 50° - 0. 

The hottest spring, during the whole period, was 177% and its mean temperature 
was 50°*8. 

The mean temperature of summer, from all the observations, is 60°'0. The years 
distinguished by cold summers were 1771,1784, 1799, 1812, 1813, 1814, 1816, 1817, 
and the mean of their temperatures was 58 ff, 9. 

The years distinguished by hot summers were 1778, 1779, 1780, 1781,-1818, 1830, 
1831,1834, 1835,1842 and 1846, and the mean of their temperatures was 68 0, 2. The 
coldest summer within the period was that in the year 1816, and its mean tempera¬ 
ture was 55 0, 2. The hottest summer within the period was that in the year 1846, and 
its mean temperature was 64°-3. 

The mean temperature of autumn, from all the observations, is 49°"3. The years 
distinguished by cold autumns were 1771, 1782, 1786, 1789 and 1829, and the mean 
of their temperatures was 45°'9. 

The years distinguished by hot autumns were 1779, 1795, 1804, 1806, 1811, 1818, 
1821,1822,1831 and 1846, and the mean of their temperatures was 52 0, 3. The coldest 
autumn within the period was that in the year 1786, and its mean temperature was 
44°'2. The hottest autumn within the period was that in the year 1718, and its mean 
temperature was 54°-5. 

The mean temperature of winter, from all the observations, was 37°'6. The years 
distinguished by cold winters were 1783, 1784, 1794, 1796, 1813 and 1829; the 
mean of their temperatures was 32 0, 6. 

The years distinguished by warm winters were 1778, 1795, 1803, 1806, 1821, 1827, 
1833, 1845 and 1848, and the mean of their temperatures was 42°‘l. 

The coldest winter within the period was that in the year 1794, and its mean tem¬ 
perature was 31 c *6. 

The warmest winter witbm the period was that m the year 1795, and its mean value 
was 43°‘2. The winters of the years 1833 and 1845 were remarkably warm, being’ 
both of the value of 43°-l. 

By taking the difference between the mean temperature of each period from alt the 
observations, and the mean temperature for the same period, in every year, the neat 
Table » formed. 
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Table XXIV.—Showing the excess of the mean temperature, in every year, in Spring, 
Summer, Autumn, Winter, and the Year, above the mean temperature for each 
- . period from ail the years, and the same for groups of years. 
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Tahlb XXIV. (Continued.) 



Spring. 

| Summer. 

| Autumn. 

J Winter. 

| The year firopi March. | 

Year. 

r 

i 

... March, 

Group of 
years. 

1 June, 
July, 
August. 

Group of 
years. 

September, 

October, 

November. 

Group of 
years. 

Deoeuber, 

January, 

February. 

Group of 
years. 

Whole 

year. 

Group of 
years. 

1820. 



mm 

Kli 

n 

—5*6 

L 

0 

■Mjjj 

n 

—8*6 


1821. 

+ 1*1 


—2’2 

■ 

+ 3*3 



+ 4*9 


+ 1*8 


1822. 

+ 3*5 


+ 2*1 

\^m 

+2-9 



-2*2 

\^m 

+ 1*6 


IKm£9 




■ .... 

-0*6 







1 1824. 

| 1825. 

-2-1 
+ 0*5 

►+0-7 

CHI 

■3 

+ 2*0 
+ 1*3 


►—0*7 

+ 1*8 
+ 0*7 

Bl 

+ 0*8 
+ 1*2 

» +0*5 


+ 1*0 


+ 3*9 


+ 0*3 





■HI! 


IJ2y 

+ 1*1 


mmm 


+ 0*8 



+ 3*8 


+ 1*3 


■TTTj 

+ 1*7 




+ 1*4 



jfg ■ 






J 

mm 


-2*6 

J 


-4*3 


EQfll 

mm 


+ 3*2 

■'j 

BH! 


+ 0*4 

1 


-0*8 


■i 

nil 


1831. 

+ 1*9 


! +2*3 


4-2*6 



+1*1 


11111 


1832. 

0*0 


W1ZM1 


+ 1*3 



+ 2*2 


+ 1*0 


1833. 

+ 1*0 


— 0*5 


-0*9 



+ 5*5 


+ 1*3 


1834. 

1835. 

+ 2*2 
+ 0*4 

► + 0*1 

+ 2-5 
+ 2-6 

> + 0*5 

+ 1*8 
+ 0*1 


>-0*2 

+ 2*5 
-1*3 

»+0-9 

+ 2*2 
+ 0*5 

.+0*4 , 


msimi 


+ 0*3 


-1*8 



+ 1*4 


H2H 


1837. 

—5*5 


— 0*2 


-0*4 



-3*3 


-2*3 


1838. 

-1*8 


— 0*9 


-0*8 



+ 0*7 




1839. 

—3*1 


mSMl 


+ 0*4 

J 


ay 




1840. 

-0*1 


-0*1 - 


— 1*1 

1 


1 

■ 

— 1*2 

H 

1841. 

+ 3*7 


—1*8 


+ 0*6 



+ 0*5 


+ 0*8 


1842. 

+ 1-4 


+ 2-8 


-1*0 



+ 2*7 


+ 1*5 


1843. 



—0*2 


+ 1*1 



+ 1*8 


+ 1*0 


1844. 

1845. 

Bjl 

■a 

-0*1 

—0*7 

>+0-7 

+ 0*9 
+ 0*6 


> + 0*8 



+ 0*1 
+0*7 

► + 1*0 

1846. 

men 


+ 4*3 


+ 3*0 


■ 



+ 1*5 


1847. 



+ 1*8 


+ 2*1 





+ 1*9 


1848. 



-0*5 


+ 1*2 


■ 



+2*4 


1849. 


■I 

+ i*o 


+ 2*0 




flH 

■SEMI 

■■■■■a. 



The sign — denotes that the temperature of that period was below the average, 
and the sign + denotes that it was above the average. 

By taking the mean of the numbers for each period, without regard to gauge. 

The mean variability in Spring is . . . i*6 

The mean variability in Summer is . . . 1*5 

The mean variability in Autumn is . . 1*4 

The mean variability in Winter is . . . 2*2 

The mean variability in the Year is . . . 1*1 

All the following Tables are based upon the readings of self-registering thermo¬ 
meters, and exhibit the extreme readings at the Apartments of the Royal Society, 
and at the Royal Observatory, Greenwich. The first process in their formation was 
the copying from the Philosophical Transactions every reading of these thermometers, 
arranging all the minimum readings one under the other, and all the maximum read¬ 
ings similarly under each other, and then taking their monthly mean readings, or 
otherwise as was necessary to the construction of the Tables. 
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Table XXV.—Showing the monthly mean reading of tine mini mom temperature, and 
daring the whole time that the me*imam and< minimwfe s e if - r e gis teri n g thermo*- 
vember, at the Royal Observatory, Greenwich. 
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tfee mean reading of the maximum temperature of Air as observed daily, 

aneters men m use at tbe Apartment* of the Royal Society, and from 1840, No- 



liiiti siinmimnsiimii! rnttnumtii 
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Tabw XXVI;—Shovfi»g the bdgbastand fewest; readings; by,; the isetf-Eegisteriag 
were in use at the Apartments of the RoyaliSoeiety, and at thoRaynl Observatory, 



By comparing the readings oftbe two places for . the,.years 1841,; 1843 and 1843, it 
grees below those at the Apartments of the Royal Society. In January , 1841 the 
the difference is wholly attributable to the effect of the comparative heated, water of 
places at some distance from and those near the river. :The maximum temperatures 
1841 at Somerset House I think must be erroneous. «u« 
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maximum and minimum thermometers in each mouth during the whole time they 
Greenwich, from the year 1841 to 1849. 



Mly. 

August. 

September. 

October. 

| November. 

| December, i j 


Reeding of the thermo. 

Reading of the **— 

Reading of the thermo- 

Reading of the thermo- 

{Reading of the thermo- 


Yser. 

meters In the mouth. 

meters in 

the mouth. 

meters in the month. 

meters in the mouth. 

| meters in the month. 



Lowest. 

Highest. 

Lowest. 

Highest. 

Lowest. 

Highest. 

Lowest. 

Highest. 



j Lowest. 

Highest* 

1794. 

54 

si 

«l 

7§ 

3^ 

IRB 

si 

oS 

35-1 

5t 

Eli 

cl 

1795. 

46 

76 

51 

79 

45 

78 

42 

68 

28 

68 

34 

56 

1796. 

44*5 

77*5 

48 

80 

45 

79 

30 

59 

29 

57 

4 

51 

1787. 

48 

85 

48 

76 

42 

71 

35 

68 

27 

57 

29 

56 ; 

1788. 

51 

78 

52 

83 

44 

76 

32 

64 

25 

60 

11 

50 

1789. 

48 

77 

47 

73 

42 

72 

35 

63 

32 

58 

17 

50 J 

1800. 

50 

81 

49 

89 

41 

77 

35 

66 

30 

59 

29 

51 

1801. 

47 

79 

51 

79 

46 

73 

34 

66 

26 

60 

23 

52 

1809. 

45 

71 

50 

82 

40 

75 

33 

75 

30 

53 

29 

SO 1 

1808. 

51 

86 

47 

81 

38 

75 

38 

67 

31 

57 

21 

55 * 

1804. 

49 

80 

49 

81 

45 

81*5 

38 

68 

34 

59 

19 

5i > 

1805. 

50 

79 

5i 

79 

43 

79 

35 

63 

31 

55 

25 

54 

1806. 

52 

81 

51 

80 

44 

73 

35 

65 

36 

60 

39 

57 

1807. 

48 

85 

52 

80 

38 

72 

39 

68 

28 

56 

23 

51 

1808. 

50 

935 

51 

80 

39 

71 

35 

63 

31 

56 

19 

59 

1800. 

50 

78 

49 

79 

40 

72 

35 

65 

29 

54 

32 

54 

1810. 

51 

78 

50 

80 

48 

83 

30 

68 





1880. 

50 

80 

46 

77 

38 

73 

39 

65 

31 

56 

26 

57 

\m. 

46 

74 

50 

77 

46 

75 

41 

68 

34 

63 

36 

58 

1892. 

53 

76 

50 

80 

45 

70 

41 

66 

38 

61 

23 

54 

1823. 

49 

74 

49 

78 

40 

73 

37 

62 

29 

55 

29 

53 

1824. 

51 

81 

50*5 

77 

37 

81 

31 

65 

29 

60 

31 

54 

1825. 

51 

89 

53 

84 

47 

77 

33 

68 

29 

58 

28 

53*5 

1826. 



55 

81*2 

43*8 

72*3 

37*6 

67*8 

26*8 

52*3 

32*2 

53 

1827. 

51*8 

81*1 

48*3 

80*2 

! 47*7 

70*0 

36*4 

677 

23*8 

55*8 

30*8 

54*8 

1828. 

46*8 

787 

49*8 

72*7 

44*9 

72*8 

365 

63*3 

25*7 

58*4 

388 

55*3 

1829. 

48*7 

747 

46*7 

76*5 

42*4 

66*7 

83*3. 

61*4 

26*8 

527 

18*2 

46*0 

1890. 

48*8 

85*8 

46*0 

77*7 

43*8 

69*8 

35*2 

665 

mmm 

585 

15*8 

47*2 

1831. 

52*3 

80*8 

54*4 

79*7 

46*5 

73-3 

40*3 

68*2 

287 

5 7*2 

29*8 

55*6 

1832. 

49*6 

81*2 

47*0 

81*8 

41*6 

72*9 

39*4 

68*2 

36*3 

593 

32*3 

55*8 

1833. 

473 

80*5 

48*2 

75*3 

41*0 

67*2 

38*3 

623 

{ 31*6 

597 

32*9 

£5*6 

1834. 

51*4 

867 

46*2 

85*3 

46*8 

74*0 

34*4 

70*2 

33*2 

61*5 

29*2 

545 

1835. 

50*6 

84*2 

51*8 

80*6 

46*4 

76*3 

35*4 


34*9 

55*5 

21*0 

51*6 

1836. 

46*2 

85*2 

48*4 

73*4 

40*7 

69*6 

«IIM 

61*2 

31*8 

667 

274 

557 

1837. 

47*5 

79*6 

48*5 

78*8 

44*4 

09*/ 

35*4 

08*5 * 


56*4 

817 

55*9 

1838. 

49*6 

79*0 

465 

76*0 

42*8 

09*5 

32*8 

635 


577 

29*8 

1 

1839. 

48*6 

80*3 

45*4 

78*6 

45*0 

70*0 

87*3 

63*5 

38*8 

553 

32*0 

64*6 

1840. 

49*4 

77*2 

524 

800 

41 7 

75*7 

353 

607 

30*3 

60*6 

21*2 

55*6 

1841. 

49*8 

80*3 

50*0 j 

775 

42*8 | 

74*6 

37*2 

■ ^■1 

28*2 

58*6 

29*9 

55*8 

1842. 

50*4 

82*7 

50*0 I 

870 

44*4 

76*0 

34*0 

60*7 

35*6 

555 

347 

57*5 

At the Royal Observatory, Greenwich. 

1840. 





. 1 




23*8 

61*2 

16*4 

55*2 

1841. 

44*3 

76*0 

45*5 

79*6 


79*6 

32*2 

64*6 

22*2 

58*3 

24*3 

5841 

1842. 

45*5 

78*8 

47*5 

wzmw 

41*1 

75*8 

28*3 

60*9 

31*1 

55*9 


58*2 

1843. 

44*6 

89*8 

472 

82*8 

340 

79*9 

28*5 

70*4 

27*4 

575 

25*6 

54*7 

1844. 

47*1 

87*4 

42*8 

75*4 

34*8 

mum 

30*8 

67‘4 

27*4 

58*1 

21 1 

499 

1845. 

44*6 

833 

43*2 

77*8 

33*4 

73*5 

31*4 

67*6 

29*1 

59*6 

28*0 

55*5 

1846. 

49*1 

938 

47*5 

e um 

39*2 

86*4 

35*0 

677 

23*4 

61*5 

lfl-8 

49*9 

1847. 

45*4 

89*0 

42*0 

87*3 


72*5 

33*0 

73*2 

24*5 

08*3 

25*0 

69*5 

1848. 

429 

85*3 

49*5 

75*5 

32*8 

78*8 

32*4 

74*0 1 

25*2 

57*8 

21*8 

62*8 

1840. 

47*0 

84*1 

49*4 

82*5 

43-7 

79*0 

31*5 

69*7 | 

28*5 

617 j 

18*8 

56*3 


will be seen that the minimum temperatures at the Observatory are usually some de¬ 
reading at the Observatory was as low as 4°, whilst that at Somerset House was 14°-9; 
the Thames, and this difference is always shown at those low temperatures between 
at the Observatory are usually the higher, but not always so; the maximum in June 

4 H 


MDCCCL. 












































602 MR. GLAISHER ON THE THERMOM ETHICAL OBSERVATIONS TAKEN At 

Table XXVII.—Showing the extreme readings of the thermometer in every year that 
seif-registering thermometers were used at the Royal Society’s Apartments, and 
from the year 1840 to 1849 at the Royal Observatory, Greenwich. 


At the Apartments of the Royal Society. 



Highest readings. 



1841. 88*8 

1842. 90*5 

1843. 89*8 

1844. 87*6 

1845. 86-0 

1846. 93*3 

1847. 89-0 

1848. 85*3 

1849. 84*1 


On May 27. 
On August 10. 
On July 6. 

On June 25. 
On June 13. 
On July 5. 

On July 12. 
On July 14. 
On July 8. 


Lowest readings. 


January 10. 

January 25. 

December 25. 

February 28. 

December 29* 

December 31. 

January 1. 

December 20. 

January 16. 

January 26 and February 11* 
December 24. 

February 2. j 

March 13. 

January 15 and December 8. 
January 22 ami February 15. 
January 18 and 19. 

January 17. ! 

January 5. 

January 2,3 and February 27- 
December 30. 

January 15. 

January 14. 

February 5. 

On January 16. 

On January 3. 

On November 12. 

On December 28. 

On December 25. 

On January 8. 

On January 5. 

On January 23. 

On December 24. 

On December 25. 

On January 2. 

On January 2. 

On January 16. 

On January 30. 

December 18. 

On January 9* 

On January 24. 


On January 9* 

On January 23. 

On February 15. 

On January 3. 

On Februaiy 11. 

On December 14 and ! 
On February 11. 

On January 28. 

On December 29* 
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From the particulars jo this Table, it seems that the highest reading of the ther¬ 
mometer within the year has occurred three times in May, seventeen times in June, 
twenty-four times in July, ten times in August, and three times in September. 

The lowest reading of the thermometer in the year has occurred twenty-eight 
times in January, nine times in February, once in March, once in November, and 
fourteen times in December. 


Tabus XXVIIL—Showing the highest and lowest temperature during the period in 

each month. 


Month. 

At the Apartments of the Royal Society 

"1 

At the Royal Observatory, G 

reenwich. 

The lowest 
reading of 
the thermo¬ 
meter. 

The highest 
reading of 
the thermo¬ 
meter. 


Mean of all the 

The lowest 
reading of 
the thermo¬ 
meter. 

Hie highest 
reading of 
he thermo¬ 
meter. 

Difference 
of readings. 

Mean of all the 

Difference 

Df readings. 

Lowest 

readings. 

Highest 

readings. 

Lowest 

readings. 

Highest 

readings. 

January ... 

7*0 


50*7 

22-6 

«!-o 

4*0 

57*0 

53*0 

20*2 

52*9 

February... 

17*7 

61*0 

43*3 

26*1 

53-7 

7*7 

62-3 

54-6 

19*9 

54*8 

March. 

23-0 

€6-0 

43*0 

29*2 

88-5 

13*1 

71*5 

58*4 

24*6 

62*7 

April . 

27-0 

77-0 

50*0 

32*8 

66*5 

27*0 

76-5 

49*5 

29*8 

70*3 

May ...... 

31-0 

84*0 

53*0 

39*3 

73*8 

33*5 

86-2 

52*7 

36*4 

77*9 

June . 

40*0 

87*5 

47*5 

45*5 

79-5 

38*6 

87-G 

49*0 

42*5 

83*0 

July. 

44-5 

93*5 

49*0 

49*3 

80-5 

42*2 

93-3 

51*1 

45*5 

85*2 

August ... 

45*4 

89*0 

43*6 

49*4 

79-3 

42*0 

92-0 

60*0 

44*5 

82*6 

September 

37*0 

83*0 

46*0 

42*9 

73*6 

32*0 

86-4 

54*4 

36*3 

78*2 

October ... 

30*0 

75*0 

45*0 

35-5 

65-2 

28*3 

74-0 

45*7 

31*4 

68*4 

November 

23*8 

63*0 

39*2 

30-4 

57-4 

22*2 

66-3 

44*1 

26*0 

59*6 

December 

4*0 

58*0 

54*0 

25*9 

63*6 

16*4 

62-8 

46*4 

23*5 

55*5 


The lowest reading, as observed at the Apartments of the Royal Society, was 4°; it 
occurred in the night of December 24,1796 (at this time the reading in the environs 
of London was-6°). The highest reading was 89°; the difference of these readings 
is 85°. 

The lowest reading, as observed at the Royal Observatory within the years 1841 to 
1849, was 4°, and the highest was 93°’3; the difference of these readings is 89°*3. 


4 H 2 









604 MB. GLAI8HER ON THE THERMOMETBICAL OBSERVATIONS TAKEN AT 

Table XXIX.—Showing the extreme range of the thermometer iri. eVery month 
during the time self-registering instruments were in nse at the Apa rtments of the 
. Royal Society, and at the Royal Observatory, Greenwich, from 1840. : 


At the Apartment* of the Royal Society. 

Extreme range of reading* of the thermometer is each month. 


;v ' I 

^SsSyi! 




May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

1794. 

. 

99 

* 

21 

0 

22 

O 

35 

O 

31 

0 

33 

30 

30 

si 

28 

26*0 

28*5 

179s. 

39 

27 

30*5 

25 

45*5 

36-5 

30 

28 

33 

26 

28 

22 

1796. 

20 

26 

33*5 

34 

26 

35 

33 

32 

34 

29 

28 

47 

1797. 

24 

25-5 

26*5 

31 

45 

33 

37 

28 

29 

28 

30 

27 . 

1798. 

25 

30 

28 

39 


39 

27 

31 

32 

32 

35 

39 

1799. 

30 

38 

28 

32 

34 

34 

29 

26 

30 

28 

26 

33 

1800. 

33 

28 

34 

24 

35 

32 

31 

40 

36 

31 

29 

22 

1801. 

30 

32 

28 

37 

32 

37 

32 

28 

27 

32 

34 

29 

1802. 

33 

27 

38 

E^B 

45 

38 

26 

32 

35 

42 

23 

21 

1803. 

29 

34 

41 

36 

31 

25 

35 

34 

37 

29 

26 

34 

1804. 

28 

26 

34 

37 

29 


31 

32 

36*5 

30 

25 

32 

1805. 

23 

31 

33 

29 

35 

34 

29 

28 

36 

28 

24 

29 

1806. 

27 - 

26 

30 

33 

32 

37 

29 

29 

29 

30 

24 

18 

1807. 

28 

32 

30 

46 

40 

29 

37 

28 

34 

29 

28 

28 

1808. 

35 

35 

28 

37 


28 

43*5 

29 

32 

28 

25 

34 

1809. 

35 

23 

29 

28 

42 

33 

28 

30 

32 

30 

25 

22 

1810. 

37 

36 

31 

38 

E^B 

33 

27 

30 

35 

38 



1820. 

33 

26 

38 

31 

31 


30 

31 

35 

26 

25 

32 

1821. 

27 

36 

27 

36 



28 

27 

29 

27 

29 

22 

1822. 

20 

20 

31 

29 


34 

23 

30 

25 

25 

23 

31 

1823. 





35 

31 

25 

29*0 

33 

25 

26 

24 

1824. 

27*5 

24 

28 

38*5 

31 

31 

30 

26*5 

44 

34 

31 

23 

1825. 

24 

25 

25 

32 

31*5 

39 

38 

31*0 

30 

35 

29 

25*5 

1826. 

31 

22 



36 

37*7 


26*2 

28*5 

30*2 

25*5 

20*8 

1827. 

32*8 

33*5 

26*4 

mSSm 

32 

28*2 

29*3 

31*9 

22*3 

31*3 

32*0 | 

24-0 

1828. 

26-5 

2 6*2 

32*2 

37*9 

ft 

USB 

31*9 

22*9 

27*9 

26*8 

32*7 

21*5 

1829. 

26*2 

27*6 

31*8 

88-6 

86*3 

36*7 

26*0 

29*8 

24*3 

28*1 

25*9 

27*8 

1830. 

25-5 

38*6 

33*0 

42*3 

34*7 

tenant 

37*0 

31*7 

26*0 

31*3 

25*5 

31*4 

1831. 

24*2 

32*8 

27*7 

29*9 

38*8 

27-1 

28*5 

25*3 

25*7 

27*9 

28*5 

25*8 

1832. 

20-9 

21*3 

24*6 

rmm 

36*3 

29-9 

31*6 

34*8 

31*3 

28*8 

23*0 

23-5 

1833. 

19*3 

22*8 

26-4 

28*4 

38*0 

34*2 

33*2 

27*1 

26*2 

24*0 

28*1 

22*7 

1834. 

22-7 

25*4 

27*1 

EBB 

ESI 

39*4 

35*3 

39*1 

27*2 

35*8 

28*3 

25*3 

1835. 

24*7 

25*3 

21*5 

36*8 

31*1 


33*6 

28*8 

29*9 

27*2 

20*6 

30*6 

1836. 

35*9 

25*3 

32*6 

29*1 

34-2 

34*9 

EXfl 

25*0 

28*9 

31*2 

25*4 

28*3 

1837. 

26*7 

24*0 

22*3 

31*2 

33*1 

32*6 

32*1 

30*3 

25*3 

33*1 

28*4 

23*6 

1838. 

38*8 

23*9 

27*3 

34*4 

37-1 

35*5 

29*4 

29*5 

26*7 

30*7 

27*7 

25*2 

1839. 

28*1 

24*5 

27*2 

28*2 

38*5 

39*4 

31*7 

33*2 

25*0 

26*2 

21*5 

22*6 

1840. 

31*9 

23*0 

23*0 

37-8 


34*7 

27*8 

27*6 

34*0 

25*4 

30*3 

34*3 

1841. 

37*9 

30*6 

29*2 

35-7 

34*1 

41*7 

mmm 

27*5 

31*8 

27*1 

30*4 

25*9 

1842. 

17*3 

21*0 

24*9 

35-1 

36-5 

ESI 

32*3 

37*0 

31*6 

26*7 

19*9 

22*8 

1843. 

27-9 

29*2 

30*5 


33*1 

32*4 








At the Royal Observatory, Greenwich. 


1840. 











37*4 

38*8 

1841. 

49*0 

42*2 

37*4* 

44*7 

41*6 

38*2 

31-7 

34-1 

43*0 

32*4 

36*1 

29*6 

1842. 

23-6 

26-8 

30-6 

45*7 

38*3 

42*7 

33*3 

43*0 

34*7 

32*6 

24*8 

27*4 

1843. 

33*0 

31-6 

37*2 

43*6 

32-2 

34*4 

45*2 

38-6 

45*9 

41*9 


29*1 

1844. 

34*9 

30*4 

36-1 

41*5 

43*5 

44*2 

40*3 

32*6 

43*2 

36*6 


28*2 

1845.! 

26-9 

40*8 

46*3 

40*8 

33*8 

42*2 

38*7 

34*6 

40*1 

36-2 


27*5 

1846. 

28-9 

35*4 

31*5 

29*7 

46*0 

41*7 

44*2 

44*5 

47*2 

82*7 

38*1 

31*1 

1847. 

29-7 

44*8 

47*3 

36*8 

50*2 

39*4 

43*6 

45*3 

40*5 

40*8 

41*8 

34*5 

1848. 

34*6 

25*8 

44*2 

45-3 

49*5 

39‘7 

43*1 

33*0 

46*0 

41*6 

82*6 

41*0 

1849. 

36-4 

31*2 

33*0 

35-7 

38*2 

42*1 

37*1 

40*1 

36*3 

88*2 

38*2 

35*9 
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Tmbim XXX.—Showing the mean daily range of tem^feratufeiri each month. '' 




















































































































Table XXXI.—Showing the mean monthly minimum temperature by night, the mean monthly maximum temperature 
by day, the mean daily and monthly range of temperature, at the Apartments of the Royal Society, and at the Royal 
Observatory, Greenwich, together with the increase of temperature month by month, by night and by day. 
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Hie successive differences shown here between the results at the Apartments of the Royal Society and at the Royal 
Observatory, are harmonious with the differences exhibited in Table XIII. and following remarks, between the tempe¬ 
ratures of the water of the Thames and those of the air at Greenwich, but of less amount, and they indicate the great 
influence the presence of a tidal river has upon the meteorological elements of the district through which it passes. 
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The subjects of this paper are the determination of mean numerical values, and 
the establishment of the laws of periodic variation from the long series of observa¬ 
tions which were taken under the direction of this Society, combined with that still 
being made at Greenwich. I have not attempted to deduce any rules for non-periodic 
variations. 

It is most fortunate that through all reports this series of observations continued 
unbroken for so many years, and that it did not cease till that at Greenwich had 
been in operation for two or three years. 

The number of observations treated of in this paper exceeds 200,000, spread nearly 
equally over seventy-nine years, and the results generally are important additions to 
science. I consider the determination of the mean temperature at Greenwich as a 
real addition; it is probably the best determination of this element of any spot on the 
globe, and it will help to an accurate knowledge of the mean temperature of its sur¬ 
face. 

I may however here remark, that none of the mean results in this paper could have 
been calculated if observations at equal intervals had not been taken throughout the 
twenty-four hours and continued for a few years. The observations at Greenwich 
have supplied tills want. It was upon them, taken for five years, I based my deter¬ 
minations of curve of hourly mean temperature, and by this means have made all the 
observations available. 

As it is difficult to have instruments read more frequently than twice or thrice in a 
day, yet, to make these available, it is necessary that the laws of diurnal changes of 
temperature be known; and where such is not the case, an effort should be made in all 
countries to have a series of hourly or bi-hourly observations made for a few years, 
so as to be able to deduce useful results. Such series of frequent observations need 
not be mrdc near each other, as it is found that the observations made over a con¬ 
siderable extent of country are subject to the same general laws. 
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XXX. On the Dynamical Stability and on the Oscillations of Floating Bodies . 
By the Rev . Henry Moseley, M.A., F.R.S., 

Corresponding Member of the Institute of France . 


Received January 24,—Read June 13, 1850. 

IF a body be made, by the action of certain disturbing forces, to pass from one posi¬ 
tion of equilibrium into another, and if in each of the intermediate positions these 
forces are in excess of the forces opposed to its motion, it is obvious that, by reason 
of this excess, the motion will be continually accelerated, and that the body will 
reach its second position with a certain finite velocity, whose effect (measured under 
the form of vis viva) will be to carry it beyond that position. This however passed, 
the case will be reversed, the resistances will be in excess of the moving forces, and 
the body’s velocity being continually diminished and eventually destroyed, it will, 
after resting for an instant, again return towards the position of equilibrium through 
which it had passed. It will not however finally rest in this position until it has 
completed other oscillations about it. Now the amplitude of the first oscillation of 
the body beyond the position in which it is finally to rest, being its greatest amplitude 
of oscillation, involves practically an important condition of its stability; for it may 
be an amplitude sufficient to carry the body into its next adjacent position of 
equilibrium, which being, of necessity, a position of unstable equilibrium, the motion 
will be yet further continued and the body overturned. Different bodies requiring 
moreover different amounts of work to be done upon them to produce in all the same 
amplitude of oscillation, that is (relatively to that amplitude) the most stable which 
requires the greatest amount of work to be so done upon it. It is this condition of 
stability, dependent upon dynamical considerations, to which, in the following paper, 
the name of dynamical stability is given. 

I cannot find that the question has before been considered in this point of view, 
but only in that which determines whether any given position be one of stable, un¬ 
stable or mixed equilibrium; or which determines what pressure is necessary to 
retain the body at any given inclination from such a position. 

1. To the discussion of the conditions of the dynamical stability of a body the 
principle of vis viva readily lends itself. That principle’ 11 ', when translated into a 
language which the labours of M. Poncelet have made familiar to the uses of prac¬ 
tical science, may be stated as follows:— 

* See PoibboN) M^canique, chap. ix. Art. 565; Ponce let, Mdcanique Industrielle, passim ; Mechanical Prin¬ 
ciples of Engineering by the author of thia paper* Art. 129. 

MDCCCL. 4 I 
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DYNAMICAL STABILITY. 


“When, being acted upon by given forces, a body or system of bodies has been 
moved from a state of rest, the difference between the aggregate work of those forces 
whose tendencies are in the directions in which their points of application have been 
moved, and that of the forces whose tendencies are in the opposite direction, is equal 
to one-half the vis viva of the system ” 

Thus, if 2 m, be taken to represent the aggregate work of the forces by which a 
body has been displaced from a position in which it was at rest, and 2u 2 the aggregate 
work (during this displacement) of the other forces applied to it; and if the terms 
which compose 2n, and 2 m 2 be understood to be taken positively or negatively, ac¬ 
cording as the tendencies of the corresponding forces are in the directions in which 
their points of application have been made to move or in the opposite directions; 

then representing the aggregate vis viva of the body by ~ Suw 3 

2wj+2m2=j^ .• • ..(1-) 

Now 2« 2 representing the aggregate work of those forces which acted upon the 
body in the position from which it has been moved, may be supposed to be known; 
2«i may therefore be determined in terms of the vis viva, or conversely. 

2. In the extreme position into which the body is made to oscillate and from which 
it begins to return, it, for an instant, rests. In this position, therefore, its vis viva 
disappears, and we have 

2m,-1-2m 2 =0.(2.) 

This equation, in which 2 m, and 2« 2 are functions of the impressed forces and of 
the inclination, determines the extreme position into which the body is made to roll 
by the action of given disturbing forces; or, conversely, it determines the forces by 
which it may be made to roll into a given extreme position. 

3. The position in which it will finally rest is determined by the maximum value of 
2 m,+2w 2 in equation 1; for, by a well-known property, the vis viva of a system* 
attains a maximum value when it passes through a position of stable, and a mini¬ 
mum, when it passes through a position of unstable equilibrium. The extreme posi¬ 
tion into which the body oscillates is therefore essentially different from that in 
which it will finally rest. 

4. Different bodies, requiring different amounts of work to be done upon them to 
bring them to the same given inclination, that is (relatively to that inclination) the 
most stable, which requires the greatest amount of work to be so done upon it, or in 
respect to which 2m, is the greatest. If, instead of all being brought to the same 
given inclination, each is brought into a position of unstable equilibrium, the corre¬ 
sponding value of 2n, represents the amount of work which must be done upon it to 
overthrow it, and may be considered to measure its absolute, as the former value 


* Poisson, M&anique, Art. 571. 
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measures its relative dynamical stability*. The absolute dynamical stability of a 
body thus measured I propose to represent by the symbol U, and its relative dyna¬ 
mical stability, as to the inclination 0, by U(4). 

The measure of the absolute dynamical stability of a body is the maximum value 
of its relative stability, or U the maximum of U(0); for whilst the body is made to 
incline from its position of stable equilibrium, it continually tends to return to it 
until it passes through a position of unstable equilibrium, when it tends to recede 
from it; the aggregate amount of work necessary to produce this inclination must 
therefore continually increase until it passes through that position and afterwards 
diminish. 

5. The work opposed by the weight of a body to any change in its position is 
measured by the product of the vertical elevation of its centre of gravity by its 
weight-f". Representing therefore by W the weight of the body, and by AH the ver* 
tical displacement of its centre of gravity when it is made to incline through an 
angle 0, and observing that the displacement of this point is in a direction opposite 
to that in which the force applied to it acts, we have 2w 2 = — W.AH, and by equa¬ 
tion 2, 

U(0)~ W.AH=0.'.(3.) 

If therefore no other force than its weight be opposed to a body’s being overthrown, 
its absolute dynamical stability, when resting on a rigid surface, is measured by the 
product of its weight by the height through which its centre of gravity must be raised to 
bring it from a stable into an unstable position of equilibrium . 

6. The Dynamical Stability of Floating Bodies .—The action of gusts of wind upon 
a ship or of blows of the sea being measured in their effects upon it by their work, 
that vessel is the most stable under the influence of these, or will roll and pitch the 
least (other things being the same), which requires the greatest amount of work to 
be done upon it to bring it to a given inclination; or, in respect to which the re¬ 
lative dynamical stability U(0) is the greatest for a given value of 6. In another 
sense, that ship may be said to be the most stable which would require the greatest 
amount of work to be done upon it to bring it into a position from which it would 
not again right itself, or whose absolute dynamical stability U is the greatest. Subject 
to the one condition, the ship will roll the least, and subject to the other, it will be 
the least likely to roll over. 

Thus the theory of dynamical stability involves a question of naval construction, 
and it is principally with reference to this question that I have entered on the discus¬ 
sion of it. 

* It is obvious that the absolute dynamical stability of a body may be greater than that of another, whilst 
its stability, relatively to a given inclination, is less; less work being required to incline it than the other at 
that angle, but more, entirely to overthrow it. 

t Poncelet, M&anique Induatrielle, 2*°* partie, Art. 50; Moseley, Mechanical Principles of Engineering, 
Art. 60. 
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THE DYNAMICAL STABILITY OF SHIPS. 


7 . Let a body be conceived to float, acted upon by no other forces than its weight 
W, and the upward pressure of the water (equal to its weight); which forces may be 
conceived to be applied respectively to the centre of gravity of the body and to the 
centre of gravity of the displaced fluid; and let it be supposed to be subjected to the 
action of a third force whose direction is parallel to the surface of the fluid. Let AH] 
represent the vertical displacement of the centre of gravity of the body thereby pro¬ 
duced*, and AH 2 that of the centre of gravity of its immersed part. Let moreover 
the volume of the immersed part be conceived to remain unaltered-f" whilst the body 
is in the act of displacement. If each centre of gravity be assumed to ascend, the 
work of the weight of the body will be represented by — W.AHj, and that of the 
upward pressure of the fluid by -f-W.AH 2 , the negative sign being taken in the 
former case, because the force acts in a direction opposite to that in which the point 
of application is moved, and the positive sign in the latter, because it acts in the 
same direction, so that the aggregate work 2m 2 (see equation 1.) of the forces which 
constituted the equilibrium of the body in the state from which it has been disturbed 
is represented by 

—W.AHj+W.AH 2 . 

If the centre of gravity of the body or of the displaced fluid descends (a property 
which will be found to characterize a large class of vessels), AHj in the one case, 
and AH 2 in the other, must be taken with the negative sign, since the weight of the 
body will be applied in the same direction, and the pressure of the fluid in an opposite 
direction to that in which their respective points of application are moved. More¬ 
over, the system put in motion includes, with the floating body, the particles of the 
fluid displaced by it as it changes its position, so that if the weight of any element of 
the floating body be represented by ic„ and of the fluid by w 2 , and if their velocities 
be v 1 and v 2 , the whole vis viva is represented by 

jlw,v *+i 2w t vl, 

and we have by equation 1, 

U(0) - W(AH 1 -AH,)=i Sw.ni+i 2«y*.(4.) 

In the extreme position into which the body is made to roll and in which 2te,ejs=0, 
U(tf)=W.(AH,—AH s )+^2tc,tjJ.(5.) 

* When a floating body is so made to incline from any one position into any other as that the volume of 
fluid displaced by it may in the one position be equal to that in the other, its centre of gravity is also vertically 
displaced; for if tins be not the case, the perpendicular distance of the centre of gravity of the body from its 
plane of flotation must remain unchanged/ and the form of that portion of its surface, which is subject to im¬ 
mersion, must be determined geometrically by this condition; but by the supposition the form of the body is 
undetermined. It is remarkable what currency has been given to the error, that whilst a vessel is rolling or 
pitching its centre of gravity remains at rest. I should not otherwise have thought this note necessary, 
t It will be shown that this supposition is only approximately true. 
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or if the inertia of the displaced fluid be neglected, 

U(^=W.(AH 1 ~AH S )..(6.) 

Whence it follows that the work necessary to incline a floating body through any 
given angle is equal to that necessary to raise it bodily through a height equal to the 
difference of the vertical displacements of its centre of gravity and of that of its im¬ 
mersed party so that other things being the same , that ship is the most stable the product 
of whose weight by this difference is the greatest . 

In the case in which the centre of gravity of the displaced fluid descends, the sum 
of the displacements is to be taken instead of the difference. 

8. This conclusion is nevertheless in error in the following respects:— 

1st. It supposes that throughout the motion the weight of the displaced fluid re¬ 
mains equal to that of the floating body, which equality cannot accurately have been 
preserved by reason of the inertia of the body and of the displaced fluid*. 

From this cause there cannot but result small vertical oscillations of the body about 
those positions which, whilst it is in the act of inclining, correspond to this equality, 
which oscillations are independent of its principal oscillation. 

2ndly. It involves the hypothesis of absolute rigidity in the floating body, so that 
the motion of every part and its vis viva may cease at once when the principal oscil¬ 
lation terminates. The frame of a ship and its masts are however elastic, and by 
reason of this elasticity there cannot but result oscillations, which are independent of, 
and may not synchronize with, the principal oscillation of the ship as she rolls, so 
that the vis viva of every part cannot be assumed to cease and determine at one and 
the same instant, as it has been supposed to do. 

3rdly. No account has been taken of the work expended in communicating motion 
to the displaced fluid, measured by half its vis viva and represented by the term 

in equation 5. 

9. From a careful consideration of these causes of error, I was led to conclude 
that they would not affect that practical application of the formula which I had 
principally in view in investigating it, especially as in certain respects they tended to 
neutralize one another. The question appeared however of sufficient importance to 
be subjected to the test of experiment, and on my application, the Lords Com¬ 
missioners of the Admiralty were pleased to direct that such experiments should be 
made in Her Majesty’s Dockyard at Portsmouth, and Mr. Fincham, the eminent 

* The motion of the centre of gravity of the body being the same as though all the disturbing forces were 
applied directly to it, it follows, that no elevation of this point is caused in the beginning of the motion, by 
the application of a horizontal disturbing force, or by a horizontal displacement of the weight of the body, 
which, if it be a ship, may be effected by moving its ballast. The motion of rotation thereby produced takes 
place therefore, in the first instance, about the centre of gravity, but it cannot so take place without de¬ 
stroying the equality of the weight of the displaced fluid to that of the body. From this inequality there 
results a vertical motion of the centre of gravity, and another axis of rotation. 
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Master Shipwright of that dockyard, and Mr. Rawson were kind enough to under¬ 
take them. 

The details of these experiments accompany my paper; they extend beyond the ob¬ 
ject originally contemplated by me; and whether regard be had to the' practical im¬ 
portance of the question under discussion, the great care and labour bestowed upon 
them, or the many expedients by which these gentlemen have succeeded in giving to 
them a degree of accuracy hitherto, I believe, unknown in experiments of this kind, 
they claim to rank as authentic and valuable contributions to the science of naval 
construction. 

10. That it might be determined experimentally whether the work which must be 
done upon a floating body to incline it through a given angle be that represented by 
equation 6, it was necessary to do upon such a body an amount of work which could 
be measured; and it was further necessary to ascertain what were the elevations 
of the centres of gravity of the body and of its immersed part thus produced, and 
then to see whether the amonnt of work done upon the body equaled the difference 
of these elevations multiplied by its weight. 

To effect this, I proposed that a vessel should be constructed of a simple geome¬ 
trical form, such that the place of the centre of gravity of its immersed part might 
readily be determined in every position into which it might be inclined, that of its plane 
of flotation being supposed to be known; and that a mast should be fixed to it, and a 
long yard to this mast, and that when the body floated in a vertical position a weight 
suspended from one extremity of the yard should suddenly be allowed to act upon it 
causing it to roll over; that the position into which it thus rolled should be ascer¬ 
tained, together with the corresponding elevations of its centre of gravity and the centre 
of gravity of its immersed part, and the vertical descent of the weight suspended from 
the extremity of its arm. The product of this vertical descent by the weight suspended 
from the arm ought then, by the formula, to be found nearly equal to the difference 
of the elevations of the two centres of gravity multiplied by the weight of tbe body; 
and this was the test to which I proposed that the formula should be subjected, 
having in view its adoption by practical men as a principle of naval construction. 

To give to the deflecting weight that instantaneous action on the extremity of the 
arm which was necessary to the accuracy of the experiment, a string was in the first 
place to be affixed to it and attached to a point vertically above, in tbe ceiling. When 
the deflecting weight was first applied this string would sustain its pressure, but this 
might be thrown at once upon the extremity of the arm by cutting it. A transverse 
section of the vessel, with its mast and arm, was to be plotted on a large scale on a 
board, and the extreme position into which the vessel rolled being by some means 
observed, the water-line corresponding to this position was to be drawn. The posi¬ 
tion of the yard, in respect to the surface of tbe water in that position, would then be 
known, and the vertical descent of the deflecting weight could be measured, and also 
the vertical ascent of the centre of gravity of the immersed part or displacement. 
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To determine the position of the centre of gravity of the vessel, it was to be allowed 
to rest in an inclined position under the action of the deflecting weight; and the water¬ 
line corresponding to this position being drawn cm tbe board, tbe Corresponding posi¬ 
tion of the deflecting weight and of tbe centre of gravity of tbe immersion were thence 
to be determined. Tbe determination of the position of tbe vertical passing through 
tiie centre of gravity of tbe body would thus become an elementary question of statics; 
and the intersection of this line, with that about which the section was symmetrical, 
would mark the position of the centre of gravity, This determination might be veri¬ 
fied by a second similar experiment with a different deflecting weight. 

These suggestions have received a great development at the hands of Mr. Rawson, 
and he has adopted many new and ingenious expedients in carrying them out. 
Among these, that by which the position of the water-line was determined in the ex¬ 
treme position into which the vessel rolls, appears to me specially worthy of observa¬ 
tion. A strip of wood was fastened at right angles to that extremity of tbe yard to 
which the deflecting weight was attached, of sufficient length to dip into the water 
when the vessel rolled, on this slip of wood, and also on the side of the vessel nearest 
to it, a strip of glazed paper was fixed. The highest points at which these strips of 
paper were wetted in the rolling of the vessel, were obviously points in the water¬ 
line in its extreme position, and being plotted upon the board, a line drawn through 
them determined that position with a degree of accuracy which left nothing to be 
desired. 

11. Two forms of vessels were used (see Plate XLVII. figs. 1 and 2); one of them 
had a triangular and the other a semicircular section. The following Table contains 
the general results of the experiments, of which the particulars are detailed in 
the Appendix:— 


Form of tbe 
model experi¬ 
mented on- 

No-of 
experi¬ 
ment. 

Weight of 
model and 
loading. 

Disturb¬ 

ing 

weight. 

jt 

3 | 

If 

18 

|| 

4 

Dynamical stability cal¬ 
culated from the formula 
U^WA^-Ha). 

'ail 

Ilf 

m 

8X1 

$4 

w ii 

Extreme inclination into 
which the vessel should roll, 
as determined by calculation 
from the formula 

U(#)=Wa(H,—H a )*. 

Indination In which the 
vessd finally rested when 
subjected to the action of 
the disturbing weight- 

llpi 

II i|i 



lbs. 

lbs. 



6 i 





1. 

33*8626 

*5485 

•5161 

•5361 

$3 30 


1$ 30 

•8961 

Triangular 

2. 

36*8590 

•3450 

*4887 

•4951 

15 30 


8 0 

*98114 

model. 

3. 

j 37*3563 

•5377 

1*1724 

1*4503 

$4 0 


13 0 

*8831$ 


4. 

j 38*2911 

*5739 

1*2673 

1*8460 

$5 0 


13 30 

•9330 


1. 

197*13 

8*8883 

7*3761 

7*394 

$6 0 

84 $0 

13 0 


l^lTCUlar 

8. 

197*18 

1-9570 

3*2486 

3*182 

17 0 

16 22 

9 0 


model. 

3. 

$53*43 

1*9570 

1*7787 

1*7667 

10 0 

10 0 

4 30 



In the experiments with the smaller triangular model the differences between the 

* The inclinations are eakslsted tbe formula (Si). 
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results and those given by tbe formula are much greater than in the experiments with 
the heavier cylindrical vessel. v 

In explanation of this difference, it will be observed, first, that the conditions of the 
experiment with the cylindrical model more nearly approach to those which are 
assumed in the formula than those with the other; the disturbance of tbe water in 
tbe change of tbe position of the former being less, and therefore the work expended 
upon the inertia of the water, of which the formula takes no account, less in the one 
case than the other; and, secondly , that tbe weight of the model being greater, this 
inertia bears a less proportion to the amount of work required for inclining it than in 
the other case. 

The effect of this inertia adding itself to the buoyancy of the'fluid. Cannot but be 
to lift the vessel out of the water and to cause the displacement to be less at the ter¬ 
mination of each rolling oscillation than at its commencement*. This variation in 
volume of the displacement was apparent in all the experiments. Its amount was 
measured and is recorded in the last column of the Table; its tendency is to produce 
in the body vertical oscillations, which are so far independent of its rolling motion 
that they will not probably synchronize with it. The body displacing, when rolling, 
less fluid than it would at rest, the effect of the weight used in the experiments to in¬ 
cline it is thereby increased, and thus is explained the fact (apparent in tbe eighth 
and ninth columns of the Table) that the inclination by experiment is somewhat 
greater than the formula would make it. 

12. The dynamical stability of a vessel whose athwart sections (where they are 
subject to immersion and emersion) are circular, having their centres in a common 
axis. 

Let EDF, Plate XLVIII. fig. 3 or 4, be an athwart section of such a vessel, the parts 
of whose periphery ES and FR, subject to immersion and emersion, are parts of the 
same circular arc ETF, whose centre is C. Let Gj represent the projection of tbe 
centre of gravity of the vessel on this section, and G 2 that of the centre of gravity of 
tbe space whose section is SDRT, supposing it filled with water. This space lies 
wholly within the vessel in fig. 3 and without it in fig. 4. Let 
hi =CGj, A 2 =CG 2 . 

W x =weigbt of vessel. 

W 2 =weight of water occupying, or which would occupy, tbe space whose section 
is STRD. 

6 =the inclination from the vertical. 

Since in the act of the inclination of the vessel the whole volnme of tbe displaced 
fluid remains constant, and also that volume of which STRD is tbe section"f-, it fol¬ 
lows that the volume of that portion of which the circular area PSRQ is tbe section 

* "^*** * e * n k connects itself with the well-known fact of the rise of ft vessel out of the water when propelled 
rapidly, which is so great in the case of fast track-boats, as considerably to reduce the resistance upon them. 

t It will be observed that the space STRD is supposed always to be under water. 
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remains also constant, and that the water-lipe PQ, which is the chord of that area, 
remains at the same distance from C, so that the point C neither ascends nor de¬ 
scends. Now the forces which constituted the equilibrium of the vessel in its vertical 
position were its weight and that of the fluid it displaced. Since the point C is not 
vertically displaced, the work of the former force, as the body inclines through the 
angle 6, is represented by —vers 6. The work of the latter is equal to that of the 
upward pressure of the water which would occupy the space of which the circular area 
PTQ is the section increased, in the case represented in fig. 3, by that of the water 
which would occupy STRD; and diminished by it in the case represented in fig. 4. 

But since the space, of which the circular area PTQ is the section, remains simitar 
and equal to itself, its centre of gravity remains always at the same distance from the 
centre C, and therefore neither ascends nor descends. Whence it follows that the 
work of the water which would occupy this space is zero ; so that the work of the 
whole displaced fluid is equal to that of the part of it which occupies the space STRD, 
taken in the case represented in fig. 3 with the positive, and in that represented in 
fig. 4 with the negative sign. It is represented therefore generally by the formula 
iWgAj vers 6. On the whole, therefore, the work (see Art. 1.) of those forces, 
which in the vertical position of the body constituted its equilibrium, is represented 
by the formula 

2m 2 = — W^, vers vers 6. 

Representing therefore the dynamical stability Si*! by U(d), we have by equation (2.) 

U(tf)=(W 1 A,^W 2 A 2 )verstf,.(7.) 

in which expression the sign ^ is to be taken according as the circular area ATB 
lies wholly within the area ADB, as in fig. 3, or partly without it, as in fig. 4. Other 
things being the same, the latter is therefore a more stable form than the former. 

13. The work of the upward pressure of the water upon the vessel represented in 
fig. 4 being a negative quantity, —W 2 h 2 vers 6, it follows that the point of application 
of the pressure must be moved in a direction opposite to that in which the pressure 
acts; but the pressure acts upwards, therefore its point of application, i. e. the centre 
of gravity of the displaced fluid, descends. This property may be considered to di¬ 
stinguish mechanically the class of vessels whose type is fig. 3, from that class whose 
type is fig. 4 ; as the property of including wholly or only partly, within the area of 
any of their athwart sections, the corresponding circular area ETF, distinguishes them 
geometrically. 

14. To obtain from the formula 7 an expression adapted to the experiments with 
the circular model, Plate XLVII. fig. 2, let 

OM=6, MQ=c, Disturbing weight —w. 

Now it may readily be shown that the vertical descent of the point Q, when the 
vesset is made to incline through the angle 4, is represented by 

hvers4+«sin4. 
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Therefore the work done upon the vessel by the disturbing weight in the act of this 
inclination is represented by 

w(b vers 0+ c sin 4), 

which expression ought, therefore, neglecting the inertia of the fluid, to equal that 
(equation 7.) which represents U(tf), or 

w(b vers 4-\-c sin 4)=(W l k l ^W t k. t ) vers 6 , 

whence we obtain 



In the vessel experimented upon, W,=0, 

.-.tan j}*=w,A 1 -w6».^ 

which is the formula used in calculating the eighth column of the Table, p. 615. 

15. The dynamical stability of a vessel of any given form subjected to a rolling or 
pitching motion. 

Conceive the vessel, after having completed an oscillation in any given direction, 
—being then about to return towards its vertical position—to be for an instant at 
rest, and let RS (fig. 5) represent the intersection of its plane of flotation then, and 
PQ of its flotation when in its vertical position, with a section CAD of the vessel per¬ 
pendicular to the mutual intersection O of these planes. The section CAD will then 
be a vertical section of the vessel. 

Let G be the projection upon it of the vessel’s centre of gravity when in its vertical 
position. 

H, that of the centre of gravity of the fluid displaced by the vessel in the vertical 

position. 

g, that of the fluid displaced by the portion of the vessel of which QOS is a sec¬ 

tion. 

h, that of the fluid which would be displaced by the portion, of which POR is a 

section, if it were immersed. 

GM, HN, gm, hn , KL perpendiculars upon the plane RS. 

W=weight of vessel or of displaced fluid. 

w —weight of water displaced by either of the equal portions of the vessel of 
which POR and QOS are sections. 

H,=depth of centre of gravity of vessel in vertical position. 

H,=depth of centre of gravity of displaced water in vertical position. 

AH,=elevation of centre of gravity of vessel. 

AH a =elevation of centre of gravity of displaced water. 

6 =inclination of planes PQ and RS. 

j? = inclination of line O in which planes PQ and RS intersect, to that line 
about which the plane PQ is symmetrical. 
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^ =inclination to horizon of line about which the plane PQ is symmetrical. 
x = distance of section CAD, measured along the line whose projection is O, 
from the point where that line intersects the midship section. 
y =0/3. 
yi=PQ. 
y 2 =RS. 
x =hn-\-mg. 

X =KL. 

1 =moment of inertia of plane PQ about axis O. 

A and B =moments of inertia of PQ about its principal axes. 
p> = weight of a cubic unit of water. 

Suppose the water actually displaced by the vessel to be, on the contrary, contained 
by it; and conceive that which occupies the space QOS to pass into the space POR, 
the whole becoming solid. Let AH, represent the corresponding elevation of the 
centre of gravity of the whole contained fluid. Then will AH,+AH, represent the 
total elevation of the centre of gravity of this fluid as it passes from the position it 
occupied when the vessel was vertical into the position PAQ. But this elevation is 
obviously the same as though the fluid had assumed the solid state in the vertical 
position of the body, and the latter had revolved with it, in that state, into its present 
position. It is therefore represented by KH—NH*; 

.-. AH,+AH,=KH-NH and AH,=KH-NH-AH,. 


Since, moreover, by the elevation of the fluid in QOS, whose weight is w, into the 
space OPR, and of its centre of gravity through (gm+hn), the centre of gravity of 
mass of fluid of which it forms a part, and whose weight is W, is raised through the 
space AH,; it follows, by a well-known property of the centre of gravity of a system*^, 
that 

W.AH,=«o(gm-|-An); 

W(KH-NH-AH,)=w(gm+A»). 

But 

NH=KH cosO—KL=H, cos0—A; 

.-. KH—NH=H, vers 6+X, 

and 

mg-\-nh—z ; 

.’. W(H, versd-j-A—AH,)=««; 

/. W. AH,=W(H, vers 6+X)—wz .(10.) 


* The line joining the centres of gravity of the vessel and its immersed part* in its vertical position* is 
parallel to the plane CAD, for it is perpendicular to the plane PQ, to whose intersection with the plane RS 
the plane CAD is perpendicular; GK=H 1 and HK=H S . 

f Poncklkt, M&anique Industrielle, 2“* partie, Art. 50, or Moseley's Mechanical Principles of Engineering, 
Art. 59. 
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Also AH,=KG—MG==H,—(H, cos 0-70=11, vers 0+A; 

.-. W(AH 1 +AH s )=W(H 1 ^:H !1 ) vers 0+wa*; 

.-. (equation 6.) U(0, *)=W(H,:f H,) vers 4+wz-, . . . . (11.) 


tfae sign being taken according as the vessel is of the class represented in fig. 3, 
in which the centre of gravity of the displaced fluid ascends, or of that represented in 
fig. 4, in which it descends. 

If a/3 be a vertical prismatic element of the space QOS, whose base is dx dy cos 6, 
and height y sin 6, then will w.mg be represented, in respect to that element, by 

(by sin 6.dx dy cos fi.~y sin 0, or by | (b sin s 0 cos 6y*dx dy ; and un will be represented, in 
respect to the whole space of which PrsQ is the section, by 

^ yt sin s 0 cos ojjy'dx dy, 


or by 


1 

2^ 


sin* 0 cos 0.1. 


If therefore we represent by <p the value of wz, in respect to the spaces of which 
the mixtilinear areas PRr and Q&» are the sections, we have 

wz=^ fbl sin’0 cos 0+<p. 


But the axis O, about which the moment of inertia of the plane PQ is I, is inclined 

to the principal axes of that plane at the angles n and ij, about which principal axes 

the moments of inertia are A and B ; and it has been shown by M. Dupin-J- that when 
0 is small the line in which the planes PQ or RS intersect passes through the centre 
of gravity of each ; 

.*. I=AcosV-|-BsinVj; 

therefore by equation (11.), 

U(0, (j)=W(H,q:H 1 ) vers 0+|jm,(A cos s »j+Bsin 8 *) sin 3 0cos0+<p. • • • (12.) 

If 0 be so small that the spaces PrR and QsS are evanescent in comparison with 
POr and QOs, then, assuming p=0 and cos 0=1, 

U(0, J!)=W(H 1 +H 3 )vers0+^(Acos*>j+Bsin a jj)sin !1 0, ...... (13.) 

which may be put under the form 

U(0> n)— |w(H,^H,) -fj«'(Acos , >;+Bsin’fj) | vers 0. 

Again, since 

sin £=sin0 sins,.. , (14.) 

* The sign + is here taken to include the case in which the centre of gravity of the displaced fluid descends. 
See Art. 7. 

t Sur la Stability des Corps Flottante, p. 32. 
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and (A cos*ij+B sin*s) 8in ! d={A+(B—A) sin’iOsm*#, 

(Acos**+B sin^) sinV=A sin’tf+CB—A) sin*£; 
by equation 13, 

U(0,O=W(H 1 +H a )vers^+^{Asin^+(B-A)sin s O, .... (15.) 

by which formula the dynamical stability of the ship is represented, both as it regards 
a pitching and a rolling motion. 

If in equation 13 the line in which the plane PQ (parallel to the deck of the 

ship) intersects its plane of flotation is at right angles to the length of the ship, and 
we have, since in this case (see equation 14.), 

U(0=W(H,=FH 2 ) vers £+^B sin* £.(16.) 

which expression represents the dynamical stability, in regard to a pitching motion 
alone, as the equation 

*U(0)=W(H,^H s ) vers/H-^Asin’d.(17-) 


represents it in regard to a rolling motion alone. 

16. If a given quantity of work represented by U(0) be supposed to be done upon 
the vessel, the angle 0 through which it is thus made to roll may be determined by 

g 

solving equation 17 with respect to sin g. We thus obtain 


1 _ W(H, + H 8 ) +/.A— W(H, + H s ) +,.A}*-2^A.U(S) 

,m 2 - 


(18.) 


17. If PR and QS be conceived to be straight lines, so that POR and QOS are tri¬ 
angles, then w.z, taken in respect to an element included between the section CAD, 
and another parallel to it and distant by the small space dx, is represented by 

\ w/iyt sin 0dr(nig+nh ); 


or, since 
by 


mg+nh=^y, sin 6, 
j^/asin %?y s <£r; 



and, equation 11 

U(/»,0=W(H 1 ^H.) vers p sin 'djy\y t dx. 


(19.) 


which formula may be considered an approximate measure of the stability of the 
vessel under all circumstances. 


* This formula may be verified experimentally by a method similar to that applied to equation 6. See 
Art. 10. 
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If, as in the case of the experiments of Messrs. Fincham and Rawson, the vessel be 
prismatic and the direction of the disturbance perpendicular to its axis, 

y=constant=a, and s=|a sin 6\ 

.*. t 0 *=~aw; 8 in 0 , and 
U(0)=W(H,^f H,) vers 0+f aw sin 0. 

Mr. Rawson has obligingly undertaken the verification of this formula by com¬ 
paring it with his experiments on the cylindrical model. The following is the 
result:— 


No. of 
experi¬ 
ment. 

W. 

w. 

H,. 

Hj< 

4. 

U(/)by 

formula. 

U(f)by 

experi¬ 

ment. 

3 

lbs. 

255 -43 

lbs. 

17*294 

3*903 

4*800 

0 

9 

1-760 

1*766 

4 

255*43 

46*84 

4*02 

4*82 

26 

13-478 

13*5015 

5 

197*18 

37*98 

0*80 

3*80 

26 

6-807 

7*3761 


18. A rigid surface on which the vessel may be supposed to rest whilst in the act of 
pitching and rolling . 

If we imagine the position of the centre of gravity of a vessel afloat to be continu¬ 
ally changed by altering the positions of some of its contained weights without alter¬ 
ing the weight of the whole, so as to cause the vessel to incline into an infinite num¬ 
ber of different positions displacing, in each, the same volume of water, then will the 
different planes of flotation, corresponding to these different positions, envelope a 
curved surface, called the surface of the planes of flotation (surface desflotations), whose 
properties have been discussed at length by M. Dupin in his excellent memoir, Sur 
la Stability des Corps Flottants, which forms part of his Applications de G£om£trie*. 
So far as the properties of this surface concern the conditions of the vessel’s equili¬ 
brium, they have been exhausted in that memoir, but the following property, which 
has reference rather to the conditions of its dynamical stability than its equilibrium, 
is not stated by M. Dupin :— 

If we conceive the surface of the planes of flotation to become a rigid surface , and 
also the surface of the fluid to become a rigid plane without friction , so that the fanner 
surface may rest upon the latter and roll and slide upon it, the other parts of the vessel 
being imagined to be so far immaterial as not to interfere with this motion, but not so as 
to take away their weight or to interfere with the application of the upward pressure of 
the fluid to them, then, will the motion of the vessel, when resting by this curved surface 
upon this rigid but perfectly smooth horizontal plane , be the same as it was when , acted 
upon by the same forces, it rolled and pitched in the fluid. 

In this general case of the motion of a body resting by a curved surface upon a 
horizontal plane, that motion may be, and generally will be, of a complicated eba- 

* Bacheliee, Paris, 1822. 
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racter, including a sliding motion upon the plane, and simultaneous motions round 
two axes passing through the point of contact of the surface with the planes and cor¬ 
responding with the rolling and pitching motion of a ship. It being however possible 
to determine these motions by the known laws of dynamics, when the form of the sur¬ 
face of the planes of flotation is known, the complete solution of the question is in¬ 
volved in the determination of the latter surface. 

The following property*, proved by M. Dupin in the memoir before referred to 
(p. 32), effects this determination:— 

“ The intersection of any two planes of flotation, infinitely near to each other, passes 
through the centre of gravity of the area intercepted upon either of these planes by 
the external surface of the vessel.” 

If, therefore, any plane of flotation be taken, and the centre of gravity of the area 
here spoken of be determined with reference to that plane of flotation, then that point 
will be one in the curved surface in question, called the surface of the planes of flota¬ 
tion, and by this means any number of such points may be found and the surface de¬ 
termined. 

19. The axis about which a vessel rolls may be determined, the direction in which 
it is rolling being given. 

If, after the vessel has been inclined through any angle, it be left to itself, the only 
forces acting upon it (the inertia of the fluid being neglected) will be its weight and 
the upward pressure of the fluid it displaces; the motion of its centre of gravity will 
therefore, by a well-known principle of mechanics, be wholly in the same vertical line. 

Let IIK (fig. 6) represent this vertical line, PQ the surface of the fluid, and aMb 
the surface of the planes of flotation. As the centre of gravity G traverses the vertical 
HK, this surface will partly roll and partly slide by its point of contact M on the 
plane PQ. 

If we suppose, therefore, PRQ to be a section of the vessel through the point M, 
and perpendicular to the axis about which it is rolling, and if we draw a vertical line 
MO through the point M, and through G a horizontal line GO parallel to the plane 
PRQ, then the position of the axis will be determined by a line perpendicular to these, 
whose projection on the plane PRQ is O. 

For since the motion of the point G is in the vertical line HK, the axis about which 
the body is revolving passes through GO, which is perpendicular to HK; and since 
the point M of the vessel traverses the line PQ, the axis passes also through MO 
which is perpendicular to PQ; and GO is drawn parallel to, and MO in the plane 
PRQ, which, by supposition, is perpendicular to the axis, therefore the axis is per¬ 
pendicular to GO and MO. 

If HK be in the plane PRQ, which is the case whenever the motion is exclusively 
one of rolling or one of pitching, the point O is determined by the intersection of GO 
and MO. 

20. The time of the rolling through a small angle of a vessel whose athwart sections 

* This property appears to have been first given by Eo in. 



€24 


TIME OF THE ROLLING OF A SHIP. 


are (*» respect to the parts subject to immersion and emersion ) circular, and have their 
centres in the same longitudinal axis. 

Let EDF (fig. 3 or fig. 4) represent the midship section of such a vessel, in which 
section let the centre of gravity G, be supposed to be situated, and let HK be the 
vertical line traversed by G, as the vessel rolls. Imagine it to have been inclined 
from its vertical position through a given angle 0, and the forces which so inclined it 
then to have ceased to act upon it, so as to have allowed it to roll freely back again 
towards its position of equilibrium until it had attained the inclination OCD to the 
vertical, which suppose to be represented by 6. 

Referring to equation 1., let it be observed that in this case 2 m,= 0, so that the 
motion is determined by the condition 

2wj=^2iw s .(20.) 

But the forces which have displaced it from the position in which it was, for an 
instant, at rest are its weight and the upward pressure of the water; and the work of 
these, U(^)—U(0), done between the inclinations 6 and 6, when the vessel was in the 
act of receding from the vertical, was shown to be represented by (W,A,^WA) 
(vers 6— vers0,) by Art. 12 (adopting the same notation as in that article); therefore 
the work, between the same inclinations, when the motion is in the opposite direc¬ 
tion, is represented by the same expression with the sign changed; 

.*. 2w 1 =(W,A 1 ^W a //,)(vers 0,—vers 6 ), 

and since the axis about which the vessel is revolving is perpendicular to the plane 
EDF, and passes through the point O (Art. 19.), if W,A„ represent its moment of 
inertia about an axis perpendicular to the plane EDF, and passing through its centre 
of gravity G„ 

2« W ’= S W I (A’+oe?)(|)‘. 

Substituting in equation 20 and writing for OG, its value h , sin 6, we have 
(WA+WA) (vers 6 ,—vers 6) A’ sin’ 6) ; 




' / k s + A? si 
^ versd, —v 


sin 2 $ 


versdj—versfi 


40. 


( 21 .) 






k*+4 A? sin 8 ~ 6 cos’-j # 



**sec*ifi+4A?sin*ij 

A * 

sin a |l l — gin*i< 


d6 


C08 \ed\i, 
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or assuming i to be so small that the fourth and all higher powers of sin | 6 may be 
neglected, and observing that, this being the case, 

\J V sec*^0+4A; 8in*i<l=\/fe i, ( 1 + sin* \ tf) -+-4A? sin* j 6 


But 

and 


~~ k \/ l+^^sin’IfeArjl+l^i* 8in*|tf| 

w= 7^W)L 


+•» , , 4A?4-A* . f l, 

1+ -2F- #m V , . 1„ 

7 1 1 d * m 2 6 - 


/ +> ' d sin ~S 

s. 


sin a ~d Joined 
« 2 


1 • , 1 , 
2 XBm 2 tf ‘’ 



The sign being taken according as the centre of gravity of the displaced fluid 
ascends or descends. 

21 . The time of a vesseFs rolling or pitching through a small angle, its form and 
dimensions being any whatever . 

Let EDF (figs. 3 or 4) represent the midship section of such a vessel, supposed to 
be rolling about an axis whose projection is O; and let C represent the centre of the 
circle of curvature of the surface of its planes of flotation (Art. 18.) at the point M 
where that surface is touched by the plane PQ, being above the load water-line AB 
in fig. 3, and beneath it in fig. 4. Let the radius of curvature CM be represented 
by g i then adopting the same notation as in the last article, and observing that the 
axis O about which the vessel is turning is perpendicular to EDF, we shall find its 
moment of inertia to be represented by 

W,{A*+(H,W sin* }(!)’, 


where H, represents the depth of the centre of gravity in the vertical position of the 
vessel. 

Also, by equation 17, reasoning as in Art. 20, 

2i < 1 «U(0 1 )“U(^)=W 1 (H 1 ^:H,)(cos^- cos F,)+ |# 8 A(cos*F-cos*F,)» 
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Assuming 4 and *, to be so small that cos 0+ cos *,=2, andobserviog that 
• cos 0—-cosr,= vers $,— vers t. 
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Supposing, moreover, g to remain constant between the limits —t x and 4 -t u and inte¬ 
grating as in Art. 20, equation 21, 

f l+ m±^^ (| ] 


<(*,): 


v/^(h,th,+ ^ 


'j. 


(23.) 


where g is to be taken with the sign qp according as the snrface of the planes of flota¬ 
tion is above or below the load-water line, and H„ according as the centre of gravity 
of the displaced fluid ascends or descends. 

Since the value of sin* 1 1, is exceedingly small, the oscillations are nearly tauto- 
cimmous, and the period of each is nearly represented by the formula 

m . (SM,) 

The following method is given by M. Ddpin for determining the value of f*j— 

“ If the periphery of the plane of flotation be imagined to be loaded at every point 
with a weight represented by the tangent of the inclination of the sides of the vessel 
at that point to the vertical, then will the moments of inertia of th at curve, so 
loaded, about its two principal axes, when divided by the area of the f law* of flota¬ 
tion, represent the radii of greatest and least curvature of the envelope of the 
of flotation ” r r 


Ug be taken to represent the radial of graatelt carratare, tbe fimndn it «a 

T t T t . tbe< ! ' ne **• ™»*'» If the radta. Ofta* «tt«3wfl» belt* 

also substituted for A), it will represent tbe time of pitching. 
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85,1 tketimafi the rolibg 

Thcfo H mri ng lug e i^ ^eapodieirtfor detcrnrinify tfagtaaeof thewatetiflMOfa 
floating body was suggested by Mr. Fincham and found fetyteai&Nriirthe purpose. 

The motion of tbe vessel, when floating in the tank/wa* limited to a rolling motion 
by means of npright guides (A, B, Plate XLIX.), receiving betweenthem tbeextrenu- 
ties of a longitudinal axis fixed in tbe vessel so asnearly to pass through tbe centra 
of gravity. A frame, PKL, resting on two parallel mile, ma made to traverse uni¬ 
formly by means of clockwork, M, in the direction Of this axis produced, that is, in 
tbe direction of the length of tbe model, and at right angles to the fliiSWWft'Si iM I 
it rolled. This frame carried a cylindrical piece of wood, PL, haring its axis ht the 
direction of the motion of tbe frame, and its surface so curved that an arm, HI, fixed 
to tbe model parallel to its length and projecting beyond its extremity', should, as it 
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rotted, *weep pattaUd to toe surface sf tlwcjfhder. A pencil was fused M toe extre¬ 
mity «f toss arm end pressed tightly by a spring upon toe surface of toe cylinder, 
which was covered by a piece of paper. The frame which carried this eytiader uet- 
vancing in toe direction of its axis, and the vessel at toe same time rotting so as to 
sweep. Che arm over its surface perpendicular to that direction, a zigzag line was, by 
toe combination of toe two motions, described, as represented in tbe diagram on toe 
preceding page, of which each two consecutive loops mark tbe beginning and end of 
toe same oscillation, and the distance AM between them, measured in the-direction in 
which the frame moved, shows tbe space traversed by it in the time occupied by that 
oscillation. This apace being known from tbe experiment, and the rate at which toe 
frame travels uniformly being also known, the time occupied in tbe oscillation may 
be determined*. 

At a certain point tbe amplitudes of the oscillations will be observed suddenly to 
increase. This is due to tbe return of the wave created by tbe vessel in tbe act of 
rolling and reflected by the sides of the tank*)*. 

Before the times of oscillation could be calculated by tbe formula (22.) to compare 
them with those determined by experiment, it was necessary that the moment of inertia 
W,Jr* of tbe floating body should be ascertained. To ascertain it by calculation would 
have been a difficult task, involving in some respects an uncertain result ; it was 
sought therefore by experiment. 

With this view a knife-edge was fixed at each extremity of tbe cylinder, so as accu¬ 
rately to coincide with its axis prolonged. The vessel taken out of the water was 
then made to rest by means of these knife-edges on two hard steel plates, accurately 
adjusted to the same level, and in this position it was allowed to oscillate, tbe times 
of its oscillations being determined as before. It then became possible to determine 
tbe moment of inertia from tbe following well-known formula— 



Two series of experiments were made, the model vessel being loaded in the one 
series so as to weigh 197*18 lbs. gross, and in the other so as to weigh 255*43 lbs. 
Having obtained from tbe above formnla a mean value of k in respect to each of 

* The apparatus, and the method of experimenting with it, are more fully described in the Appendix. It 
will be observed that in the diagram the amplitudes of the successive oscillations are shown to have dimi¬ 
nished, up to a certain point. This diminution was found in a great number of experiments to take place with 
remarkable uniformity. The uniform diminution of the amplitude of oscillation as the body comes to rest, is 
of course due to the absorption of the vis viva of the rolling body by the water which it puts in motion, to tbe 
friction of the water which adheres to it on the rest of the water, to the resistance of tbe air, and to the fric¬ 
tion and abrasion of the parts of the rolling body itself in the act of rolling. Mr. EaWsoit has made some 
experiments on this subject, the results of which he communicated to tbe British Association tor the Advance¬ 
ment of Science. 

f The precision with which the instant of the return of this wave and its progress are indicated, seem* to 
show this method of experimenting to be well-suited to determining the velocities of waves. 
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these series of experiments, Mr. Rawbon verified these mean values by calculating' 
, from them the times of oscillation by the following equivalent formula:— 


<=v ^- p 4 


which 1 had previously communicated to him, in which Fc« represents that complete 


elliptic function of the first order whose modulus is c. The results of these experi¬ 
ments and calculations are given in the following Table:— 


m 

Amplitude of 
osculation on 
either side 
of verticil. 

Time of 
oscillation by 
experiment. 

Value of by 

Appendix). 

■ 

Time ofoscillatioii calcu¬ 
lated from the formula 

-V-5N0. 

with the preceding value 
of A verifying that value. 

lbs. 


• 

// 

in. 

in. 



5 0 

•8190 

11-983 


•8348 

197-18 

7 30 

•8906 

12-668 

10-465 

*8368 


10 0 

•7930 

11*664 


•8369 


8 30 

•7380 

11-070 


•7*80 

1256*48 

5 0 


10-451 

9-8894 

-6500 


7 30 


11-784 




10 0 

•6760 

11-706 




Table of the times of the oscillation in water of a model vessel as determined,—1st, by 
the experiments of Messrs. Fincham and Rawson ; and 2ndly, by the formula (22.), 

»* f. . d£f+£*1|J 
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r 


Constants of formula. 

Angle of 
oscillation 

Time of oscillation in 
seconds by formula. 

Time of oscillation in 
seconds by experiment. 

Weight of model = 197*18 lbs. 

O 

6 

•75637 

•798 

W s ~ 0 




£=10-465 in. 

10 

•75840 

•798 

A,ss4*9 in* 

16 

•7617* 

•840* 

<=-7566s|l +-469*4sin 9 i «,} 

20 

i 

•76641 

•784 

Weight of model =*55-43 lb*. 

6 

•61094 

•658 

W,=0 




£=9*3*94 in. 

10 

•61*89 

•665 

£,=5-97 in. 

15 

•61471 

•616 

(=-6l03s{l+-66021 sin 9 1«,} 

80 

•64811 

•602 


23. General considerations applicable to the stability of floating bodies. 

An exce edingly small pressure is sufficient to move a floating body from its posi¬ 
tion of stable equilibrium. As the inclination becomes greater the pressure must 
be increased until it attains, in a given position, its maximum value. Now if instead 
of this var ia ble and continually increasing pressure we conceive a constant one to 

* This experiment was faulty. 
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tave totitt allied; less than the maximum - one spoken of above, bat e&askJerabty 
greater €ban that necessary to produce the initiatmotion, it is not difficult to see tb«t 
this lesser pressure, by reason of its continued action on tbe body* may be sufficient 
to carry it through tbe position iti which it would have required the maximum pres¬ 
sure to have held it; for in all the positions in which this pressure exceeded that 
necessary to move the body, the excess of its work over that of the resistance it ac- 
cumulated tinder the form of vis viva, and in all those in which It fell short of that 
pressure, the work thus accumulated comes to its aid, and carries the body forward*. 

24. To move a body from a given position into any other, it is not necessary that 
the work of tbe forces whence this change of position results should continue to be 
done upon it during tbe whole period of such change. They may be in tbe nature of 
pressures Whose action ceases when they have communicated the vis viva necessary to 
continue the motibn until tbe second position is attained, as in the case of tbe impact 
of one body on another, or of a gust of wind acting on a floating body, or of a blow 
of tbe sea. 

In all these cases tbe excess of tbe work of the disturbing forces over that of the 

* As an illustration of this principle, let us take tbe analogous case of a cylindrical body (fig. 7)—whose 
radius CD is represented by a—rolling on a horizontal plane, and to simplify tbe investigation let us suppose the 
force P, which causes it to roll, to be applied horizontally to the axis c. Let the weight of the cylinder be re¬ 
presented by W, and suppose it to be so loaded that the distance of its centre of gravity from its axis may be 
CG(=c). Let the cylinder be made to roll through an angle (0) from the position in which it would rest, and 
in which CO is vertical. The work done upon it by P, whilst it thus rolls, is represented by P a$, and the work 
opposed to its rolling by the weight of the cylinder, is Wc vers 0, 

Pc0—Wcversd 

is therefore the excess of the work of the forces whose tendency is in the direction of the motion over the work 
of those whose tendency is in the opposite direction. This excess represents one-half the vis viva , and in the 
extreme position into which the cylinder rolls and from which it begins to roll back, this vanishes, so that in 
this position 

P«0—Wc vers 0=0. 

If this position be the inverted position of the body 0=v, and 


Now let us suppose that P, instead of being a constant pressure, had been made so to vary that hot every 
position into which the body rolled it was only just sufficient to make it roll slowly out of that position. The 
maximum pressure F, applied under these circumstances, would have been that corresponding to the position 
in which CG is horizontal, and would have been represented by the formula 



whence it follows that 

P=?P’=r- 6366 P'i 

too that the pressure, which, being continually applied the same in amount, would be sufficient to overturn the 
body, is less than two-thirds of that which must be exerted in its position of maximum effort, the lesser but 
constant pressure accumulating in its previous position, an excess of work which is sufficient to carry the bo% 
through and far beyond that position in which it would have required the greater pressure to have held it. 



WNBftAi- CQNMDBRATIQNS ON DYKAMJCAL STAtUMTY. fl»l 

nevistaaces accumuUtos, so as to be represented at any time by half tbe vis viva of 
tbebody, and i£i$ thework accumulated under this form and in this amount, which, 
when tbe operation of tbe disturbing forces is withdrawn, carries tbe body forwards. 

- 26. If, in tbe case of an oscillatory motion, tbe force which causes that motion be 
intermittent, and if tbe periods of this intermission so coincide with those of the body’s 
oscillation that the force is withdrawn when any oscillation-in its direction is com¬ 
pleted, and renewed when the next oscillation in that direction begins,, it is evident 
that the vis viva created by it in all such successive oscillations will be acceisolated, 
and the amplitudes of tbe oscillations rendered, in succession, greater than one an¬ 
other, so that by the intermittent action of a small force which so synchronise* with 
the oscillations of the body on which it is made to act, a great inclination of its posi¬ 
tion from that of its equilibrium may eventually result*. This might for instance be 
produced, in respect to a floating body, by the action of gusts of wind or blows of tbe 
waves, repeated at stated intervals. , , 

If the periods at which the intermittent work is done upon the body, instead: of 
synchronizing with the commencement of each oscillation and thus favouring the 
motion, had so occurred as to oppose it at stated intervals (which may or may not 
synchronize with the body’s own oscillations), it is evident that a complicated motion 
dependent on these several conditions will result, in which the oscillations will be 
repeated in cycles. 


* Aa an illustration of this, let us suppose that in case of the cylinder (fig. 7), the motive force, instead of 
being applied horizontally to the axis, is a weight w applied to the point D on its surface when the cylinder 
was inclined at the angle 0 to its position of stable equilibrium; and that when the point D had, by the rolling 
of the cylinder, been made to descend until it again touched the plane, the weight w was withdrawn, the 
cylinder completing its oscillation on the other side of the vertical by reason of the vis viva thus communicated 
to it* 


On its return it will oscillate (the resistance being neglected) through tbe same angle, on the side of the 
vertical from which it started, as it completed on the opposite side. Let the weight to be then placed again 
on the point D, and taken off a second time when this point comes in contact with the plane; and so continu¬ 
ally, a rocking motion of increasing amplitude being produced by the alternate placing and withdrawal of the 
weight until at last the position of CG is reversed and the cylinder is overturned. 

Let $ lf 6 g , 0 g ... 0* be the angles on either side of the vertical through which, in its successive oscillations, the 
cylinder is made to roll, then shall we obviously have the following relations:— 

(Wc+tea) vers 0 =Wc vers0 lt 
(Wc+too) vers 0 x =Wc vers 0,, 

Ac. = &c. 

(WcH- wo) vers 0*_i=Wc vers 0». 

Multiplying these equations together, 

(Wc 4- wo)* vers 0=(W c)* vers 0 # . , - , 


0,ssr, vers 0*=2 and vers 0=2 sin* ^0, 


,\ (Wc+wa)*nn*£0»(Wc)*, 
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body, it beiatiwaety acted opga> by it»ne other ifoocfo, dthioht fete njemtAi dtutni foaflas 
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pkeeentedby 1 u\t), i and representing the work done through this same angle it bjrttbt 
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cation to it ofa given small additional amount of work, ' ! ‘ r ' ,(i 
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W(6)+Mfy 

varies therefore inversely as the sine of,the inclination, and js greatest inthe popitjion 
nearest to the vertical position; or, in other words, the body sustains in an incliued 
position a less change of that position by the application of a given disturbing force 
than it does in a vertical position. It yields most readily to the actipn of any ..dis¬ 
turbing force in its vertical position, apd the further it is made to, deviate frpjp this 
position (within certain limits and under certain conditions), the ta°F? iiesoltitely d°t» 
^ oppose any further deviation. This, explains the liability of a ship torolling when 
sailing before the wind, and her stiffness in the water when close hauled. ,,, , , 


Conclusions applicableto Ship-bwiding. . , .. , , , , 

27. To make an alteration in the angle through which a ship rolls, it, as necessary 

to elevate or to depress her weights. In the former case she will/ roll through a 
greater, and in the latter through a Jess, angle. It does not alter the amplitude of 
rolling to move the weights horizontally, but only the time of rolling, provided)the 
trim of the ship remain unalteredfor sthis does not alter the position of the coalite 
of gravity of the ship or of the displaced fluid, and it is upon these that the stability 
of the ship depends (Art 7 and equation* 18.)< - 1 , .lui'mili 

28. When a ship’s morion is odlya rolling, motion, or; about an axis .parallel, to her 

length, the position of that axis is, at any instant, determined by the intersection sof a 
horizontal line through her centre of gravity, and a vertical line through the centre of 
gravity of her plane of flotation at that instant (Art., 19).! > , , „# 

i2ft. A ship should be so constructed that the oentre of gravityof tbatplane.of 
flotation, whose boundary is the fond water-line, may be verticallyabove the tepntre. of 
gravity of the ship. If this be not the case, the pressure of the additional ; water dis* 
placed by any vertical oscillation of the ship, acting obviously at the oeatre of 


.>.* * KfM 
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of that plane and not in the same vertical with the centre of gravity of the ship, will 
cause, in addition to that vertical oscillation, a pitching or a rolling motion. 

80. AD the planes of Dotation of the ship, when it is made to roll through small angles 
from its vertical position, should have their centres of gravity in the midship section 
(supposed to be that which contains the centre of gravity of the ship), and the centre 
of gravity of the displaced fluid should also always remain in this plane; for if that 
be not the case, it is obvious, from Art. 28, that the axis about which the vessel rolls 
cannot be parallel to its length, so that every rolling must be accompanied also by a 
pitching motion. 

31. The angle through which a 6hip rolls under the action of a gust of wind, is 
essentially different from that at which it would be held inclined by the steady action 
of the same force of the wind, so that when the inclination which a given pressure 
would give to the ship, if applied to the centre of effort of the wind on the sails, is 
calculated (as is customary) by the formula known as that of Atwood, it is erro¬ 
neous to conclude that the vessel, if subjected suddenly to that force of the wind, 
would incline only through that angle. 

The experiments of Messrs. Fincham and Rawson, of which the results are stated 
in the Table, p. 615, show that it will roll through nearly double that angle, confirm¬ 
ing, in this respect, the deductions of theory (Art. 2). 

Neither can calculations, made by means of the theorem of Atwood, as to the re¬ 
spective pressures which would hold different ships inclined at the same given angle, 
be considered as determining with certainty their relative stabilities in respect to 
rolling; for the amplitude of each oscillation depends upon the stiffness of the vessel, 
not only in respect to that given inclination, but upon its stiffness at every other in¬ 
clination which it must have passed through to reach that angle, and at every in¬ 
clination which by reason of its acquired momentum it may pass through afterwards. 
The same observation is applicable to the effect of disturbances in the water-line and 
to blows of the waves. 

32. All the causes which produce the rolling motion of a ship, whether they be 
gusts of wind, disturbances of the water-line, or blows of the waves, are measured in 
their effect upon it under the form of work (travail), so that according as a ship re¬ 
quires a greater or a less amount of work to be done upon her to cause her to roll 
through a given angle, there is a greater or less probability that, when at sea, she will 
roll through so great an angle as that. The angle through which the ship will be 
made to roll under the action of a given amount of work, is measured (Art. 7) by the 
product of her weight, by the difference or the sum of the vertical displacements of 
her centre of gravity, and the centre of gravity of her immersed part whilst she is in 
the act of rolling through that angle; the difference being taken or the sum accord¬ 
ing as these centres of gravity both ascend, or as the one ascends and the other de¬ 
scends ; or in other words, it is the work necessary to raise the vessel bodily through 
the difference or the sum of these vertical displacements. 

MDCCCL. 4 M 
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83. IF therefore some existing vessel were fixed upon whose qualities- in rasped to 
rolling wete 'well known, and if It were determined by caleiddien from this theorem 
what amount of work must be done upon that vessel to make it rtdi through some 
given angle ; and this amount of work being so determined' in respect: to that existing 
ship, if, before alt other ships of the same class were built, it were determined by a 
similar calculation, made from the drawings of those ships, whether a greater or a 
less amount of work would be necessary to make them roll through tbe same angle, 
then it would be known whether these ships would, under the like circumstances, roll 
more or less than that ship, and the forms proposed to be given .them might be 
adopted or might he altered accordingly. 

I conceive that by Ibis means, if duly applied, great certainty might be given to 
the construction of ships in respect to rolling, and of course to pitching, for the same 
principles which apply to the one apply also to tbe other, with no other difference 
than in the direction in which the inclination is supposed to take place. 

84. The force of the winds and waves, to the action of which a vessel is liable, may 
be supposed to vary as the surface she opposes to them, that is, to the area of her sails 
and the superficial dimensions of her hull. In vessels geometrically similar these vary 
as tbe squares of any of their similar linear dimensions, their lengths for instance. 
On the other hand, the weights of such vessels, supposed to be similarly loaded, 
varying as the cubes of their lengths; and the depths of their centres of gravity, and 
of the centres of gravity of their immersed parts, varying as their lengths; their 
dynamical stabilities, with reference to a given inclination, vary as the fourth powers 
of their lengths. Since, then, in reference to vessels thus geometrically similar, the 
disturbing forces, to the action of which they are subject, vary as the squares of their 
lengths and their stabilities as the fourth powers, it follows that their actual steadi¬ 
ness in tbe water will vary as the squares of their lengths, the greater vessel being 
more steady than the less in this proportion. 

35. The expedients which I have pointed out for so designing a ship as to satisfy the 
conditions of easy rolling and pitching, suppose a knowledge of the exact position of 
the centre of gravity of the ship and of the centre of gravity of her displacement. 
The determination of these however is no new question; a knowledge of them has 
always been considered necessary to the skilful building of a ship, and tbe methods 
given for that purpose in books on ship-building are sufficiently accurate for tbe pur¬ 
pose, if the data are to be relied upon; and if not, nothing is required but tbe labour 
to determine these data. 

36. That form of vessel in which the surfaces subject to immersion and emersion, 
when intersected by planes perpendicular to the vessel’s length, have circular sections, 
having their centres in a common axis, is, casteris paribus , eminently a stable farm ; 
because in a vessel of such a fprm (Art, 12.) the centre of gravity of the portion of 
Ate displaced fluid which is included within tbe solid of revolution (ATB figs. 3, 4) 
formed by all these circular sections, does not in the act of rolling rise. 
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•’> Jf H be not practicable to give to the vessel, throughout it* whole length* & form 
subject to these conditions, tills Is practicable with regard to. the midship section, 
which »the governing section. 

27. Oif vessels having this general form, those are, cmterit paribus, the most stable 
in which the circular area, when completed, includes entirely the corresponding sec¬ 
tion of the ship (as shown, in fig. 4), because, in respect to these ships, the centre of 
gravity of the displaced fluid descends as the ship rolls (Art. 13.); and when this is 
the case, the work necessary to incline the ship through any given angle {which 
measures its dynamical stability) is equal to that necessary to raise it bodily through 
a height equal to the sum of the vertical displacements which its centre of gravity, 
and the centre of gravity of the displaced fluid, suffer in that inclination, whilst in 
the opposite case, represented in fig. 3, it is equal to the work necessary to .raise It 
through the difference of those heights*. 

Of the class of vessels represented in fig. 4, the stability of those is the greatest, 
other things being the same, in respect to which the space STD between the circum¬ 
ference of the circular area and the hull of the vessel is the greatest. 

38. It is not necessary to these results, taken in a general sense, that the sections 
of the vessels should be accurately circular as to their parts subject to immersion and 
emersion. If on the midship section of a ship a circle can be described, having its 
centre in the vertical axis of the section so as nearly to coincide with the parts of the 
periphery subject to immersion and emersion, then the ship may be distinguished as 
to whether it belongs to the class in which the centre of gravity of the immersion 
ascends or descends, by observing whether this circular area is wholly or only partly 
included within the section. The midship sections of Her Majesty's ships Vanguard, 
Bellerophon and Canopus present illustrations of this principle. They are represented 
in figs. 8, 9,10. It will be observed, that if a circular area be struck on each section 
according to the conditions stated above, that area will in the Bellerophon and 
Canopus entirely include the corresponding sections of the hulls of the two ships, a 
wider space intervening between the two areas in the Canopus than the Bellerophon. 
Other things being the same, the former might therefore to be the more stable ship. 
In the Vanguard the circular section does not wholly include that of the hulL This 
should therefore be the least stable ship of the three. These conclusions are, I be¬ 
lieve, in accordance with the known qualities of the ships. If there be any ship whose 
midship section resembles that represented in fig. 3, the centre of gravity of its dis¬ 
placement will ascend in the act of rolling, and, cceteris paribus , it cannot but be an 
unstable ship. ... 

* The hull may be so shaped as to cause the centre of gravity of the vessel to descend in the act of rolling. 
In this case AH 1# equation 6, must be taken negatively. * If the centre of gravity of the immersed part ascends, 
U(l) will in this case be negative* and the position will be one of unstable equilibrium. If the centre of gravity 
of the immersion descends* AH*, in equation 6* must be taken positively $ and if it exceed* AH*, the equilibrium 
will be stable. 
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itmgards: cbei ^stability, than ih fcbehr approximation to the typical form* represented 1 
in figs. 3 and 4. It has been supposed therefbre (see cquatibn 17‘) that tbe depths of 
tbtsritsaitreS ofgm vlty iasadtofthe centres oPgravityofthefiaidthcydisfifeiee id a 
Vertical position are the same,and fehattbe moments of inertiaof th&Yplanesof flota- 
tion wfe equal. This'cannot be the case-; and it is impossible to know to what ektent 
this error in tbe hypothesis mayin any particular case affect the measure of thedynai- 
mical stability, exceptby. calculating it by formula 17- Theprdblem is for too dom-< 
plicated to render the application of any general principle-—except with thispreean- 
titm—safe. It is not—in this respect us in others—more practicable to dispense with 
the resources of mathematical reasoning and of calculation, in building the ship; than, 
after sheisbuiltyin sailing her. ... \ 

>30. Itri* a deduction of theory (equation 24.), and is confirmed by experiment, 
that, wkhin the Ordinary limits of roiling, the Time of a vessel’s rolling is independent 
of the angle through which it rolls, being dependent only upon the form of the vessel, 
its weight, the position of its centre of gravity, and its moment of inertia about an 
axis passing .through that point (see equation 24); so that every different vessel, 
wbdn loaded in a given manner, has a time of rolling proper and peculiar to it, and 
which' may be said to characterize it. And the same is true of the time- of pitching. 

40. This thne of the oscillations of the ship may have such a relation to the times 

of oscillation of the waves* as to cause the blows of the sea to be received by the ship 
at those instants when they will produce the greatest effect on the amplitude of her 
oscillations (Art. 26.), and thus a little Sea may, under certain circumstances, produce 
very heavy roiling. .. 

If there 4>e not this relation between successive oscillations of the ship and of the 
waves, tbeh there will be^ during a certain number of oscillations, an antagonism of 
the two, until the times of the one class of oscillations have so gained upon those' of 
the- other as to bring about an interference. Tbe vessel will then probably be com¬ 
paratively at rest. Then will follow a series of oscillations of the waves and the Bliip, 
which wili in various degrees concur to produce heavy rolling, until it reaches a maxi¬ 
mum, when the same Cycle of changes will be gone through again ‘ s >; > ■ 

41. The straining'of the ship in the act of rolling, is dependent upon the time of > 
its oscillations. 1 • ■Ihis straining takes place in every part of it, but more parti¬ 
cularly (by reason of their elasticity) in the masts. When the roUing begins, the 
higher parts of the ifiasts; by reason of their inertia, remain behind the lower 
tions, and the‘masts beod ; asthe rottmg proceeds they receive an independent motion* 

-’b m •. ■<"; c. *>,•>• <> : ' • i V’ * ■ ■« • m ’•(!•!» *i< u'f e\ 

If the slup be wder.saU, die rate at which *1» eajle and tbe distances of the waresgnni opeanothw;, . 
eared in tbe direction in which ehe sails, are also amoiig the conditions on which her rolling depends. 

f'TliU cyclical- antagonism and concurrence of the independent oscillations of the waves and the shipwlll 
interfere, to a certain extent, with the tantodhronumof the ship’s oscillations. « 

■ *l ' ■»*. : ”>> x >1 *>i :'>i *t! V# »’Tt- *' 
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fromitbefreteetietty, tnfluenfeed,, 'beside*- this. cause>by4heirweigty:«nd length, «hd 
Hmtmoi i*o»j assumes the farm of -.am independent oscfttatans, affecting moreor.less 
the-oseittatofy inotiociof thfi yeBsel itselfi,|,j ,»j , ,v„. M .’ 

i: If» at.tlfapilnstatirtiwfren the ship would otherwise begin;t»roll back, the elasticity 
o£ ittfn»a»te>i® *a <tbe act of carrying them forwards, there willbe.a. violent strata of 
theiabipyWhich would nottake placeina ship so constructs! «rf so loqdedas to 
create. that synchronism of the independent oscillations oftbe ves6elanditsneasts, 
which is. implied an* the fact that she does, not strain herself in rolling. . / ; ,.i i 

. 42,The properties of different ships with regard to.the strain they duffer in rolling, 
and .whether,’in respect to the seas which are of; most frequent occurrence, they roil 
eaatty or> heavily, are probably well known, so that it would.be possible to fix. upon 1 
some ship of each class which might in this respect serve as a standard witbwhich 
other ships of that class might be compared. The time;of oscillation proper and 
peculiar to this ship might also he ascertained by experiment. It would then become 
possible to build and load all other ships of that class so as to oscillate in the same 
time* as that ship, and thereby ensure, supposing them to be masted in the same way, 
very nearly the same qualities in regard to the strain they suffer in rolling, ■■ - 

The form of the ship so constructed need not however in any respect resemble that 
of the standard ship; all that is required is, that—in respect to the dimensions of its 
parts and the distribution of its Weights when loaded—it should satisfy the coadi- 
tipns implied in assigning a given value to #(#,) in equation 24. In all other re¬ 
spects full latitude is allowed to the builder*. : 

48. I have shown (Art. 19.) that the axis about which the ship may at any instant 
be conceived to roll is perpendicular to two straight lines, one of; which is draym 
horizontally from the vessel’s centre of gravity parallel to the direction in which it 8s 
rolling, and the other vertically through the centre of gravity of its plane of flotation- 
attbat instont. ; .•* ■ . 

Its viatt'ioa, When rolling or pitching, is therefore greater as its weights are placed 
atj&igre&tdr distance from this axis, and less as they are nearer to it. 

Whence it follows as a general principle (equation 24.), that the ship is made to roll 
more slowly by moving its weights to a gteater distance from this axis, as when the 
yards ore run.up ? and more quickly by bringing them nearer to it, as when thO gtras 
are nap bade in s heavy, sea to diminish the strain mi the ship’s timbers,. > : t. ’!: . -. 

44 . .The fbrm hnder which H, enters equation 24, shows that the greater the depth 
of fchje centre of gravity of the ship’s displacement the more slowly (otber things 
being the sahie) will she roll, provided that she be a ship of thatclassnf whibh fig, 8 
is the type, in which this quantity (i. e. the depth of the centre of gravity of the dis¬ 
placement) diminishes as the vessel rolls; but that if, oh the contrary, fibre belongs to 

Ship, whose form may indeed (within certain assignable limits) be any whatever, it is in his 
power, guided by that equation, so tofoarf it as that it shall osoQiate in tito'nunfttitee with any otew ship 
whose form may be in all respects different. 
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the ct«8B oEwhich«Jg. 4 is the type, the centre of gravity of whose displacement 
descends in the actcsfroHiug, she will roil the fester as this centre of gravity is seated 
deeper in her huH.. 

46. It may be received as a general rule that (other things being the same) vessels 
of the class fig. 4 roil more quickly than those of the class fig. 3, but do not roll so . for. 
So. that unless some, special provision be made for that end, stability in rolling may 
not, and will not probably be obtained except at the expense of quick rolling. 

46. The form under which A enters equation 24, shows that breadth of beam is 
not of itself conducive to slow rolling, and that it can only tend to it indirectly, by 
carrying the ship's weights farther from the axis about which U rolls, and thereby 
augmenting the quantity k, which represents in the formula the moment of inertia of 
the ship, and is the ruling element of the time. The form under which W, enters the 
equation 6hows heavy loading to be conducive to slow rolling. 

47. It would be unsafe however to be guided in the construction of a ship by any 
one of these considerations taken separately from the rest, for there is scarcely any 
element of the discussion which can be changed without bringing about a change 
in an opposite direction in some other. 

What will be the total result of any proposed change, and by what means the whole 
object sought by it is to be accomplished, can only be determined by that complete 
mathematical discussion of the question in all its elements, the principles of which it 
has been the object of this paper to develope, and which the formulae contained in it 
afford a means of applying. 

December 1 , 1849. 


APPENDIX. 

Experiments on the Dynamical Stability and the Oscillations of Floating Bodies. By 
John Fincham, Esq., Master Shipwright in Her Majesty's Dockyard, Portsmouth, 
and Robert Rawson, Esq. 

Experiments necessary to verify the formula 6, 

U(0)=W(AH,-AH,), 

which represents the work done in deflecting a floating body through an angle 
such that the height through which the centre of gravity of the floating body is 
raised shall be AH t ; and the height through which the centre of gravity of dis¬ 
placement is raised, shall be AH,. 

For this purpose two models were made, such that their sections were uniform 
throughout the whole length of the model: the section of one was a triangle, and «f 
tine other a circle (see figs. 1, 2j. 

Iftbe reader will refer to Art. 10 for a general description of the apparatus, the 
following explanation of the drawing fig. I will be sufficient to show bow the expert- 



mm&em jmmmm, <aa& 

ments have been conducted. It representsa section oftbe model ; TK is the yard 
by means of which the deflecting weight hanging at Q, deflects the model from the 
upright position. AC is water-line in the upright position, and BD tbatin the ex¬ 
treme position into which it rolls; EP tbat in the position ih which it finally rests. 

In the first place, the model is adjusted by means of moveable weights, until the 
water-line AC is parallel to the upper side, LN, of the model; andtben a string, SR, 
is fixed at 8 and K, so that when the deflecting weight is placed at Quo eflect is pro¬ 
duced by the deflecting weight on the model until the string SK is cut (RS is a fixed 
beam independent of the model). . 

When the string SK is cut there is an extreme deflection Where the water-fine be¬ 
comes BD, and a permanent deflection where the water-line becomes EF. ■ * 

These lines are determined in the following manner: PX is a thin graduated scale) 
fixed at P at right angles to the arm of the lever TK, and having a strip of prepared 
paper fixed upon its surface, which sbows distinctly, by the depth to which it is wetted 
when the vessel rolls, a point in the extreme position of the water-line. Two other 
points in this position of the water-line are determined by means of scales similarly 
applied to L and N. 

When any two of these three points are observed, a section of the model being 
drawn of the half-size on a drawing-board, we could set off upon it the distances Pp, 
LI, Nn, and thus draw in the water-line BD. There is no occasion to use prepared 
paper to show the water-lines, excepting iu the ultimate deflection. 

The paper which we used, and which answered the purpose admirably, was nothing 
more than common writing-paper rubbed over with a little colouring, in order to take 
off from the surface of the paper any oily matter which might prevent the water’s 
making a distinct mark upon it. 

This means was adopted as the best means, after several other expedients had been 
tried with partial success. 

The centre of gravity G was determined by observing the permanent water-line 
EF in a number of deflectious by means of various deflecting weights. The position 
of this water-line, for any given deflecting weight, being set out on the drawing, we 
were enabled, knowing the weight of the vessel, to determine the position of the centre 
of gravity, by well-known principles of statics, with no other aid than that of the 
scale and compasses. Suffice it to say, that great care was taken to get this {Mint. 

The points H and h, which are the centres of gravity of the part immersed in the 
vertical position of the vessel and in the position into which it rolls, were determined 
from the known property of the centre of gravity of a triangle in fig. 1, and from the 
coikmon formula for determining the centre of gravity of the segment of circle in 
fig.a. 

The drawings were made to half size from the following Table, which was filled 
«|» durihg tbe time the experiments were in operation: this circumstance enabled us 
4b&tt! aJtfcb data retired for our computations with extreme exactness. 
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Cylindrical Model. 


Model at rest* without the 
deflecting weight. 

Model at res^ with the 
deflecting weight. 

tt, ' * , 

Model at ultimate defies 
tton, with deflecting 
weight. 

Weight of the 
model and deflect¬ 
ing weight. 

Distance from 
centre of model 
to P and Q. 

| 

fl 

Li. 

• •.— 

Ni. 

Po. 

Lq. 

Nr. 

pj>- 

Li. 

a 

Deflect- 
in sc 

weight. 

Weight 

model. 

P. 

Q. 


8|V 

8 

6 

6 

H 

«* 

8* 

31 

S3* 

34 

3 

n 

to* 

10* 

n 

v 

9* 

n* 

io* 

81* 

81* 

8<* 

80 i 

81 

*** 

4* 

4* 

8} 

Of 

** 


lbs. Av. 

1*957 

1-957 

5*0885 

8*8885 

lbe. Av. 
19M8 

855*43 

855*43 

197*18 

ft. in. 

S 6* 

3 6* 

3 6} 

3 6j 

8 6' 

3 6* 

3 6* 

3 6* 

3 6* 

ft* in. 

in 
< 0| 

5 4* 

4 Of 

5 4* 

4 0* 

5 4* 

4 0* 

►(*•) 

(3.) 

(4.) 

;(5.) 


The position of the water-line corresponding to the extreme position into which 
the model rolled being thus determined in every experiment, the corresponding dis¬ 
placement was also known, in fig. 1, this displacement having a triangular section 
eM f, its centre of gravity h could readily be determined by construction. In fig. 2, 
the displacement having a circular section, its centre of gravity h could be de¬ 
termined by known rules. Drawing a perpendicular he from h upon BD, this line 
measures tbe depth of the centre of gravity of the immersion in the extreme position 
into which the vessel rolls, and Ha measures it in the vertical position; therefore tbe 
difference of these lines measures its elevation in the act of rolling. In like manner 
the perpendicular G 6 measures the depth of the centre of gravity of the model when 
the water-line was BD, and Ga was its depth in the vertical position, therefore the 
difference of these lines is its elevation in the act of rolling. 

Thus the elevations of the centre of gravity of the model and of the centre of gra¬ 
vity of the displaced fluid, in the act of rolling, are found, and its weight being known, 
the work which must have been done upon it to cause it thus to roll may be deter¬ 
mined according to equation 6. 

But the work actually done upon it by the deflecting weight may, in like manner, 
be determined; for if a perpendicular Q o be drawn from Q on BD, the length of this 
line will be the height of Q when the water-line was BD, and Qrn was its height in 
the vertical position, therefore the difference of these lines is the space through which 
the deflecting weight has descended vertically; and the product of this distance of the 
deflecting weight gives the work actually done by it upon the rolling body. This 
amount of work ought, by the theory, to be the same with that found as above from 
equation 6; and the comparison of results thus obtained, by theory and experiment, 
constitutes a verification of the formula, and is given in tbe Table, p. 615. 

A single example will show the way in which the calculations wet*e made. 


























In the triangular model. Experiment 1, the following dimensions were measured in 
inches:_ hLi-l/ h, ii,hui{<ri 

: -- --—.- G«»*4 *?V -Ct-ss l-O&r-Hoa=27-6.. : --—--- 

, .” t jfe > Q®}•>'• w-» t.-• 

, > r {„i,. ‘i > ,, ; u r ' 

.. elevation of centre of grayjfy of model, in feet s = 1 — pa AH, " " 

[ *■ , , ;' • • >■ ' ! ; l,! I ' * ' j ■ ! “ i I 

(levation of centre of gravity of displaced fluid, in feet=^^yj^ .. 1 -v-.—j 

\ weight of model in lbs. ; . ,1, =388626 =W.; » ; 

.. by equation6, U(^>»| ^ - 5 ^ 1 '° - ^ ^ ' 75 ~°'^ |><33-8626‘=-586l. .; > i ! 

* * 15>2_9*o •- 1 '. ’* ■ i 

j Also vertical descent of deflecting weight, in feet=—j-g —> 

deflecting.weightQ inJbs.='5485;.. .. . ....j 


/. by experiment TJ(0)=< 

The computations on both these models, made in accordance with formula6,agrafe) 
with the experiments. , , ,• - •• % ■ it ..i/M 

All the experiments show what we conceive to, be important, that thes&taemoi-; 
ment of forfce which is necessary to maintain a vessel' in a position t at rest,. will 
deflect the vessel through nearly twice 6 when made to act upon a vessel which in not 
deflected. Atwood’s statistical stability therefore appears to us to be of little iise>. so. 
far as, the rolling of the vessel is concerned. . „;i, 
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Experiments on the, Time of Oscillation. 

i find the moment of inertia of a cylindrical model, whose radios is 13*8 iriihiefe*, 1 
' Weight 197’18 lbs. avoirdupois, round an axis passing through the axils r 6f‘ ihe 
cylinder.. ... ” ‘.** ' H ' 

ABC is a vertical section of the cylinder passing thrqugh 

i^jpeptfe p/gvavjty G. . •• i, 

jltjis re^pjred to find the moment of inertia,of the cylin¬ 
drical model, about an axis passing through, O, the,centre 
af:fhe cylinder at right angles to the sectionABC. 

For ibis purpose the model was made to oscillate out of 
thes, water, upon Itnife-odges passing through ,0 and parallel ^ 
to Resides qf tMe cylinder. . {Several experiments were qwe^lljr^^^ditihe.tjiBiiW 

PSqiljations were observe*! through the amplitude.and, 1$, 
ratus by meaps qf wbiqh the times were observed,, enables, US t# 
of oscillation to pit exactness of 013 of a sepond, qn tqjth?;<pie- 

bundredth part of a second of time. 
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EXPERIMENTS OP MESSRS. FINCHAM AND RAMSON. 


If T= time of oscillation of a simple pendulum, 
26— angle of amplitude of oscillation, 
rss length of pendulum, 
g as 32*19084 feet, 
r== 3*1415927, &C.&C., 
we have 



1 +a) , (=r)+Cn)'(=i L, )'+(^) , (=? i ) , +*'•}■ 


Put R= radius of oscillation of a compound pendulum. 

Then the time of oscillation of the compound pendulum will be the same as in the 
case of the simple pendulum, if we put R instead of r in the above formula. 




/1.3\*/ver8ind\* , /1.3.5N VversinflX 8 o 1 
( m ) {—-) +{ 2 AT 6 ) (—2 ) &C *}* 


We may here observe that 


R= 


k*+h* 
h > 


(26.) 


where k— the radius of gyration about the centre of gravity, A= the distance from 
the centre of suspension to the centre of gravity of the model. 

Since 

versin 9 1 — cos 9 .9 


2 


2 ‘— sin 2’ 


we shall have 


T - v s/ k ~jr{ 1 +(£) s ' n 5+(§3) sin4 1+ (HI) s * n# 2 + &c *j * * * < 27 *^ 

If we put 

/ W =(|) , sin^{l + (f)%in^ + (|i) , sin^+ &c. &c.},.(28.) 

equation (4.) will become 

T =*\/ kl jr {l +SW- 

From which equation we obtain 


+/(9)} X T .( 29 *) 

If T„ T„ T, be the time of the first, second and third oscillations during the time that 
6 and s remain constant, we shall have 


« x /A* + A«=- tt ^_{t i +T,+T,+ &c. to n terms}, 

.*. *//c‘+h 3 =- ^y0^ ^ (t,+T,+T, &c. to n terms}.(30.) 


* See Poisson’s Traits de Mlcaaique, p. 348 . 





EXPERIMENTS OP MESSRS. FINCHAM AND RAWSON. 643 

For very small angles of amplitude/^) is very small, and may be entirely neglected, 
showing that for small angles the oscillations are independent of the angles. 

The value of /f+h* was in the first place calculated in respect to one of the 
quantities T„ T„ &c., then in respect to two , and so on, to four. The mean of these 
four values being then taken in respect to each experiment, a final mean was taken 
in regard to all the experiments. The data and the results are stated in the follow¬ 
ing Table as it regards the value of ^/F+A 5 , and the rest in the first Table, p. 629. 
The times of oscillation, as calculated by formula (22.) and as determined by experi¬ 
ment, are stated in the second Table on that page. 



Angle of 
oscillation A 

1+/A 


Mean value 
of VW+k* 
in each ex¬ 
periment. 

Mean value 
ofVP+p 
in all the 
experi¬ 
ments. 

One 

oscillation. 

Two 

oscillations. 

Three 

oscillations. 

Four 

oscillations. 

W= 197*18 lbs.. 



11*336 

12*318 

12*003 

H 

18-386 

12-888 

11-620 

12*461 

12*903 

11*870 

11*983 

12*562 

11*550 


■ 

Ass 4*9 inches . 


W— 255*43 lbs. 

2 30 

5 

7 30 

10 


11*128 

9*429 

11*910 

10*332 

10*731 

10*328 

11*315 

10*818 

11-194 

10- 924 

11- 976 
11-446 

11*227 

11*123 

11*935 

11*414 

H 

i 

>-11-076 

A =5*97 inches . 
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XXXI. Electro-Physiological Researches. On Induced Contraction.—Ninth Series. 
By Signor Carlo Matteucci, Professor in the University of Pisa, ifc. Sfc. 
Communicated by W. R. Grove, Esq., F.R.S. 


Received May 13,—Read June 20, 1850. 


xT is not without considerable regret that I am compelled to depart from my esta¬ 
blished rule of never publishing any facts relating to electro-physiology without having 
previously endeavoured to connect them with those already discovered, and without 
having succeeded in reproducing them in such a constant and unvarying manner as 
to remove the slightest doubt of their troth. The announcement, however, just made 
to the Acad6mie des Sciences by M. du Bois Raymond of a work “On the Law of Mus¬ 
cular Current, and on the Modification which that law undergoes by the effect of Con¬ 
traction,” obliges me, though unwillingly, to transmit to the Royal Society the con¬ 
tinuation of my researches on induced contraction, confining myself, for the present, 
to some fundamental experiments, made a long time since, for the publication of 
which I should have wished to await a more favourable moment. 

In the Third and Fifth Series of my Electro-physiological Researches*, I studied, 
with all possible care, and in its minute details, the fact of induced contraction, in order 
to deduce the law of this phenomenon, and from thence to be led to the discovery of 
its cause. In the Fifth Series, principally, I was led to conclude, that, according to all 
the analogies, and without being in opposition to the experiments, induced contrac¬ 
tion might be considered to be the effect of an electric discharge which takes place 
during the act of muscular contraction. 

In a memoir published in the Annates de Physique et de Chimie, Octobre 1847, 
after having given an exposition of the laws of the electrical discharge of fish, and 
demonstrated all the analogies existing between this function and muscular contrac¬ 
tion* I declared still more explicitly, that experiment leads to the admission that in 
muscular contraction there is a phenomenon analogous to that of the discharge of 
the Leyden phial, and which was the cause of induced contraction. Nevertheless it 
has been my wish that this conclusion, which I have always studiously announced with 
extreme reserve, should be demonstrated by direct experiment, and this object 1 have 
vainly endeavoured to attain in making use of the galvanometer. 

In the memoirs above cited, are to be found a description of all the efforts made to 
this purpose 5 by forming piles with muscular elements of the frog and making these 
ele men ts contract, I endeavoured, but always without satisfactory result, to obtain 
* Philosophical Transactions, Part 11. 1845,1847. 
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from the galvanometer signs of electrical phenomena produced by the act of contrac¬ 
tion. The variations produced in the conductibility of the. circuit, by the convulsive 
movements of the muscles of the frogs, which alter the points of contact between the 
dements of the pile, the agitation of the liquid into which the platina plates of the 
galvanometer are plunged, are constant and inevitable causes of the production of an 
electric current, which involves a constant uncertainty as to the effects which may 
depend on contraction. These same causes of error exist in the experiment made by 
M. nu Bois Rkymond on voluntary contraction of a man’s arm; 1 have tried a great 
number of experiments, following bis method, increasing the number of elements 
which contract at the same time, without ever succeeding in obtaining an evident and 
constant development of electricity by muscular contraction. In the researches for 
the discovery of this development, I have not failed to employ, with all proper care, 
the gaivanoscopic frog. Operating on a circle of thirty and forty individuals, who 
all contracted the same arm at the same time, and although the gaivanoscopic frog, 
the nerve of which formed part of the circuit (being in contact with the two outer¬ 
most fingers of this pile of men), was extremely sensitive, yet never did we obtain the 
slightest sign of a current from voluntary contraction. Yet the circuit, though com¬ 
posed of a great number of individuals, was always a sufficiently good conductor for 
the transmission of a current of some muscular elements, capable of producing con¬ 
traction in the gaivanoscopic frog. 

Since, therefore, the galvanometer employed in my first experiments on induced 
contraction, and by means of which M. du Bora Reymond thinks that he has disco¬ 
vered the development of electricity in voluntary muscular contraction, never has 
with me led to any other but uncertain and very doubtful results, since by the aid 
of the gaivanoscopic frog, used as a substitute for tbe galvanometer, I have never ob¬ 
tained the slightest signs of an electric current in the voluntary contraction of tbe 
muscles of tbe arms, I was authorized in concluding that the development of elec¬ 
tricity by muscular contraction still remuined to be demonstrated by experiment, 
and that tbe phenomenon of induced contraction was still that which led most 
directly to this result. 

I will now give some new experiments on induced contraction, of incontestable evi¬ 
dence and certainty, and which undoubtedly lend an increasing probability |p the 
conclusion that induced contraction is due to an electric discharge, and that muscular 
contraction is accompanied by a development of electricity. 

Exp. 1. I prepare a frog in tbe usual manner, and I lay on tbe muscles of its 
thighs, legs, and on tbe articulations of its claws, the nerves of highly sensitive gai¬ 
vanoscopic frogs: on provoking the contraction of tbe muscles of the first frog by 
irritating its lumbar nerves, tbe gaivanoscopic frogs contract, and when these first 
contractions are very violent, induced contraction may be seen to take place on 
contact even with tbe extremities of the limb of the entire* frog. The signs of in* 

* I apply the word satire to tha ba g farteae d on Use glm tobe» s —t fig». l sad8 . . 







<tac«d contraction are always obtained stronger and more durably on the muscles 
m the thigh and kg, than on tbe other parts of tbe frog 1 . i* 

i“doced contraction is very evident at tbe moment when the muscle itself, 
on which is laid tbe nerve of the galvanoscopic frog, is divided. This experiment 
is perfectly analogous to that which is made by catting, in diflerent directions, a very 
small piece of the organ of the torpedo, upon which a nerve of the galvanoscopic frocr 
has been placed. 

Exp. 8. Induced contraction is produced in the same manner, and witb equal in- 
tensity, whatever may be the direction in which the nerve of the galvanoscopic fro g~ 
is extended, in respect to the muscular fibres. 

Exp. 4. If we interpose between tbe nerve of the galvanoscopic frog the <uw ‘- 
fece of the thigh of the entire frog several layers of wet paper, we cease to obtain 
induced contraction i if there is only a layer or two of very thin paper, induced con* 
traction continues to be produced. 


Exp. 5. We dispose a prepared frog, as in Plate L. fig. 1; a c and A d are two glass 
tubes covered with varnish, upon which the frog is fixed by means of Indian rubber 
rings, e and f ; g and h are two bits of linen, or of thick paper moistened with salt 
water. If we touch separately the point g or the point h with the nerve of the gal¬ 
vanoscopic frog, there is no sign of induced contraction; but if the nerve of the galva¬ 
noscopic frog be disposed as in fig. 1, so that the nerve touches at the same time the 
points g and h, we have immediate contraction in the galvanoscopic frog, 
contractions in the muscles of the entire frog. This takes place in whatever 
tbe contractions are provoked, whether by wounding or catting the spinal marrow, 
or in passing an electric current from a small pair of zinc and platina along the lum¬ 
bar nerves. 


Exp. 6. If, while making the preceding experiment, a communication be established 
between tbe two legs of the frog, by placing a wetted cotton wick over tbe points ts 
or p and q, or over all tbe intervening points, the contractions of the galvanoscopic 
frog cease instantly, although the members of the entire frog are in contraction: we 
have only to remove the cotton wick and the phenomenon reappears. These alter¬ 
natives are constant, and are always reproduced in the same manner. 

Exp. 7* The results of the preceding experiments are obtained whether the legs of 
tbe entire frog are brought into contact or whether they are kept separate. We see 
from this the advantage of the arrangement adopted in these experiments in order to 
avoid placing the frog on a plane, which would soon become moistened and serve as 
a conductor. 

Exp. 8. By means of a solution of tbe extract of nnx vomica, I produce a state of 
nervous superexcitation in the frogs. While in this condition these nnim»l a are sub¬ 
ject at intervals to violent contractions, which may also be excited by the slightest 
contact. I place a frog in this condition on the apparatus, fig. 1. The galvano sco pic 
®b© g rarely gives signs of contraction, while the entire frog contracts violently. One 
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of the hmbar mrves ougfd notD to be cwf; this being dons, we aie nertain *0 obtain 
contractions in the galvanoscopic frog, at each contraction of the entire frog 4 these 
contractions cease if the two legs are brought into communication with the wetted 
cotton, as in the preceding experiment. . , u > «,i 

Exp. 9. I take n half frog, and instead of the other half, I emplcrsr a wick of eotton, 
v,r (fig. a), one end of which touches the tipper part of the leg or thigh, and the either 
the nerve of the gal vanoscopic frog, gp n. The other extremity of this nerve rests pa 
the lower par toft he leg of the half frog, a thick stratum of wetted paper (o\ being 
placed between the nerve and the leg. Every time that the half frog contracts the 
galvanoscopic frog contracts also; the latter ceases to contract if one removes fbf 
upper end («) of the cotton wick from its contact with the upper part ofthe, leg.,It 
ought to be observed, that in this arrangement of the experiment we obtain the copr 
traction of the galvanoscopic frog at the instant that we placp the nerve in this,soft 
of circuit. , j 

This experiment has been tried with equal success operating on the limb of.a living 
rabbit. . 

Exp. 10 . Instead of one galvanoscopic frog I dispose two, as in fig. 3, and by irri¬ 
tating first one lumbar nerve and then the other, I produce contractions in each limb 
separately. During the first moments the two galvanoscopic frogs, c and d, contact, 
whichever may be the limb of the entire frog which contracts. Afterwards, when the 
galvanoscopic frogs begin to be less sensitive, we are sure to obtain contractions ip 
the galvanoscopic frog, d, only when the limb a contracts, and the contraction ip the 
galvanoscopic frog c, when it is the limb b which contracts. We obtain the same 
result by employing the arrangement adopted in fig. 2 , representing the non-con¬ 
tracting limb by the wet cotton wick, disposed in the manner already described. 
Thus, if instead of having the nerve, gp , disposed as in fig. 2 , we reverse the position 
of the nerve of the galvanoscopic frog in such a manner as to touch the cotton wick 
with its upper part, and the point, o, superposed on the limb with its lower part, 
either no contraction at all is obtained, or it soon ceases. 

Exp. 11 . I cut the thigh of a frog, above and below, so as to form a piece, a b (fig. 4 ), 
similar to a portion of a cylinder the two circular bases of which are the interior sur¬ 
faces of muscle. The nerve of the galvanoscopic frog, gp, is disposed on the surface 
of this cylinder so as to be exactly parallel with the two bases. If we irritate the 
point c there are signs of induced contraction. 

It is impossible for me to confine myself to the simple description of these experi¬ 
ments without deducing from theni some conclusions, the roost evident of which ap¬ 
pear to me to be the following:— 

1 . The cause of induced contraction, according to all analogies, is tbe same as that 
whieh produces contraction of the galvanoscopic frog in the sixth and following expe¬ 
riments. 

2. The cause of these contractions is evidently an electrical phenomenon developed 



ibtbe adtof Contraction, anti which consists in a diffisreirt state of electricity ftt the 
different points of the contracted limb. 

3. This electrical phenomenon, like the contraction which produces it, lasts only 
for an instant. 

4. These electric states, developed by contraction, teed to prodace electrical cur¬ 
rents which circulate in opposite directions across a conducting arch interposed be¬ 
tween the two limbs, which contract at the same time. 

5. Tbe tenth experiment proves the existence of these currents and their direc¬ 
tions ; here we should remember that the galvanoscopic frog is more sensitive to the 
passage of tbe current when that current traverses the nerve in the direction of its 
ramification. Thus the contraction of the galvanoscopic frog, d (fig. 3), during the 
contraction of the limb, a, proves the existence of the electrical current, which goes 
from a towards d. The contraction of the galvanoscopic frog, c, during the contrac¬ 
tion of the limb, b, proves, in tbe same manner, the existence of an electrical current 
going from b towards e. 

Whatever the theory of these phenomena may be, it is certain that they demon¬ 
strate the production of an electrical disequilibrium in the act of muscular contraction. 

In the experiments which have been described,thiselectro-physiological phenomenon 
may consist in a species of discharge, propagated in muscles in the direction of the 
ramification of the nerves. Is the cause of this discharge a phenomenon analogous 
to that of electrical fish, or does it consist in a change in the natnral conditions of 
the muscular current, produced by contraction ? In the present state of science it is 
impossible for us to answer this question. According to all the analogies, and 
according to our present experimental knowledge, we lean to the former of these two 
expla nati ons; but we wait the light of new experiments to proceed safely further in 
this difficult field of science. • 

Pisa, April 1, 1850. 
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XXXII. Contributions to the Chemistry of the Urine .—Paper IV. 

On so-called Chylous Urine. 

« 

By Henry Bence Jones, M.D.,M.A.Cantab., F.R.S., Physician to St. George's Hospital. 

Received January 21,—Read March 14,1830. 

URINE white from the suspension of a quantity of fatty matter in it, has been 
called chylous urine, and the albumen and fibrin which escape from the blood' with 
the fat have been considered to belong to the chyle and not to the blood. 

An opportunity of observing a case of this disease having occurred to me, I was 
led to make the following experiments. The conclusions therefrom are,— 

1st. That the fat on which the white colour of the urine depends does indeed ap¬ 
pear in the urine after the chyle is absorbed, but the albumen, fibrin, blood-globules 
and alkaline salts, may be found in the urine previous to any food being taken, and 
these substances can be made to appear in, or disappear from the urine according as 
the circulation is hurried by motion or qaieted by rest. 

2nd. That the disease consists in some slight alteration in the structure of the 
kidney, by which, when the circulation is most active, one or more of the constituents 
of the blood passing through the filter escape from the vessels into the urine. 

The supposition that the disease consists in an accumulation of fat in the blood 
which is thrown out by the kidneys carrying with it albumen, fibrin, blood-globules 
and salts, is altogether disproved, both by actual analysis of the blood itself, and by 
the frequent occurrence of a large jelly-like coagulum in the urine, when no white 
fatty matter can be seen to be present. 

For an account of the patient and for the treatment and its ultimate effect in 
stopping the escape of the white water, which he had passed more or less frequently 
for nine months previous to my seeing him, I must refer to the Medico-Chirurgical 
Transactions for 1850. 

On the 19th of October he came to me, having taken food last at 11a.m. The 
water passed at 2 p.m. solidified like blanc mange in ten minutes. It contained, when 
passed from the bladder, some clots ready-formed. It was very feebly acid to test- 
paper. Thrown on a filter, a very small quantity of reddish streaked fibrin remained 
on it. The filtered fluid, at 60° Fahr., had a specific gravity =1015. It coagulated 
by heat and acid. In appearance it was quite milky, but became clear when agitated 
with a considerable excess of ether. Some perfectly healthy blood-globules were 
seen with the microscope, and the granules of fat were so small as scarcely to be 
resolvable by a high power. 
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. 574*0 gra.oC«rjoe evaporated «»««««> over sulphuric acid *■ .*, ■ • i . «i jf ur 

Residue.. =25 5 grs. , 

. ■ . i , =44*42 gis. per lppO grs. of urine. ,. ( 

Burnt. The ash = 4-60 grs. = 8*01 grs. perlOOOgrs. ofuriue. . 

1015*4 grs. of urine precipitated with more than twice their bulk of alcohol. 

, , . Alburoenand w*22’7£ gffi. =?22*40 grs. per 1000 grs, of urine. , 

Treated with ether. Residue soluble in ether. 

=8*5 grs. fat= 8*37 grs. per 1000 grs. of urine. 

Albumen . . . . , . =14 03 grs. per 1000 grs. of urine. 

574 grs. treated with absolute alcohol after evaporation to dryness. 

Alcohol filtered when cold, 

Residue . . . =9*02 grs. =15*70 grs. per 1000 grs. of urine.’ 

Burnt ash . . = I*40gr. = 2*44 grs. per 1000 grs, of urine. 

Urea and extractive . . . =13*26 grs. per 1000 grs. of urine. 

Hence ■ ' - 

Total residue. = 44*42 grs. per 1000 grs. urine. Specific gravity =1015. 

'Total ash . ! =' 8‘01 grs. 

Albumen . . = H'OS grs. ' '' 

Fat . . . . = 8*3“ grs. 

Urea, &c. . . = 13*26 grs. 

Loss . . . = *75 gr. 1: 

Water ... = 955*58 grs. 

1000*00 grs. 

. *1 • • .1. ti » ’ * ’ ' ' ' * 

In order to watch the variations in the appearance of the urine at different hours 
of the day, it was'each time passed into a bottle, marked with the boar at which it 
was made; for fixe successive days. 

First da|y.- Water passed at 

7 a.m. thrown away. Breakfast a pint of coffee; a quarter of a pint of milk. 
— Bread, .With- little butter or sugar. 

8 h 10“ a.m., just before! breakfast. Quantity one ounce, dear. Acid with pink 
deposit of urate of ammonia gave no precipitate with beat and nitric add. 1 Re¬ 
mained acid: three days*. - 

10 a.m. Reddish colour, milky throughout. Six ounces alkaline, in three days. 
12 h 20™. Milky, thick throughout.^ Six ounces, alkaline; contained some clots 
!«*.* of fibrin. .1 * i), . ■! <. ‘ 

l h 25“ p.m. More thick. White with rather reddish clots, two : dunces, alkaline, 
made just before dinner, which consisted of mutton chop^bbiled ries, onion 

. with.bread. \ •. : , .».»< . 1 , •<,*.* v 

2 b 20“ p.m. White, with more blood,: she ounces, alkaline. i t , im! , 

6p.m. More white, with deposit of blood,eight ounces, alkaline; smelt strongly 




okfiteKcrtfate* icm c*m*>©sHWttrrt;: ties 

of onions; passed justbefore tea; three quarterttffapint of cocoa with ibllk 
nad bread; 

10 p.m. Very white; milky, with some blood. Twelve ounces, alkaline. 

Second dsy'J , Wuter ; |>assed ttt ••• 

7AJk/'f^stl ; '< • 1 • • • '• • " i"" J - '■ f " 

8 h Nearly dear; a little blood and very slight coagulttm. An ounce 

and a half, acid; passed jnst before breakfast. Pintof boiled ttriik ^ith sago, 
bread; and a Httle better. 

9 h 30 m, A.kF. Very slightly opalescent, with a delicate transparentcoafgttlUm filling 
the lower half of the bottle, containing some streaks of blood. The clear 
liquid coagulated strongly with heat and acid. An ounce and a half ^ quan¬ 
tity,* alkaline. t 

ll h 30e am. Milky, with a little blood, alkaline. t. ; 

l k 15 m r.M. Milky, with more blood; Six ounces more alkaline j made jnst before 
dinner, which consisted of a mutton chop, broccoli and bread. ; 

3jp,m. Milky f about eight ounces, alkaline. 

5 p.m. Milky; eight ounces, feebly acid; passed just before tea ; three quarters 
of a pint of milk and sago, bread, very little butter. 

8 p.m. Milky; eight ounces, feebly acid. 

10 h 30“ p.m. Milky; eight ounces, slightly more acid. 

Third day. Water passed at 

6 a.m. Opalescent yellow, did not clear with heat; gave the slightest trace of 
albnmen with heat and acid ; about eight ounces, slightly acid. 

7* 30” a.m. Clear when passed; cloudy about twelve from urate of ammonia; 

, about «ne ounce passed immediately after getting out of bed; gave a more 
.distinct trace of albumen, contained a few blood-globules; slightly acid. 

8 h 30“ a.m. The whole of the urine in the bottle consisted of coagulant of a yellow 
opalescent colour, not at all milky; a few drops of liquid only could bO poured 
fromiit,and this was excessively albuminous; the quantity made was nearly 
two ounces, alkaline to test-paper, passed just before breakfast, which consisted 
:•! of a pint of boiled milk and sago, bread, and a little butter; . >• 

9 h 80ff a.m. More opalescent; slightly milky, with a tinge of blood; the bottle 
was full of coagulum from which a drachm or two of liquid coaid be poured ; 

• * i abotft five ounces s, alkaline highly. ■ 
l^iSO^iA^Mi Milky; eight ounces, nentral. 

l k 15“ p.m. Milky; two ounces, neutral; passed just before dinner; steak, roast 

to i.dnion-and 1 bread;.' .. 

e&^MieJtMilkyi five Ounces, neotml. . . 

5 k 30” p.m. Milky ; five ounces, alkaline just before tea; three quarters of a 
pint of coffee, bread; with little butter* ■' 

9»>80*w*. Milkyf!eight cnnces, neutral. • ’<•> ■; 

10* 30 m p.m. Milky; four ounces, feebly acid. 
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Fourth ; day. Water passed at :<■ 

6a.m. Clear, six ounces, strongly acid; the slightest trace of albujn$p with 
heat and acid. ,, 

7 b 15“a.m. Clear; half an ounce, very strongly acid. Passed immediately on 
getting out of bed for the day; the slightest trace of albumen wtthbefdyftPd 
acid. This and a little of the urine passed at six, had specific gravity 1027, 
513 5 grs. precipitate with alcohol =0 - 40 gr. =0*8 gr. per 1000 grs. pf urine. 
9 h 50 ,n a.m. Slightly opalescent, solid, yellow, coagulum ; three ounces, alkaline. 
Passed just before breakfast. Pint of boiled milk with sago and bread, with 
but little butter «or sugar. When filtered a bloody coagulum remained, on the 
filter. The clear liquid left at rest deposited a layer of blood-globules. Spe¬ 
cific gravity = 10156, gave a nearly solid coagulum with heat and acid. 
507'8 grs. precipitated by alcohol =7*20 grs. =14*1 grs. per 1000 grs. of 
urine. 

11 a.m. Chylous with clots and pink coagulum ; six ounces, alkaline, filtered ; 
bloody coagulum was left on the filter. Milky fluid on standing deposited a 
layer of blood-globules. Specific gravity =1013 4, 506*7 grs. precipitated by 
alcohol =7*35 grs. = 14*5 grs. per 1000 grs. of urine. 
l h 35 m p.m. Very milky; eight ounces, with little blood; neutral. Passed just 
before dinner; mutton chop with broccoli and bread. 

3 h 40 m p.m. Very milky; eight ounces, very little blood; neutral. 

5 h 40“ p.m. Very milky; one and a half ounce; blood doubtful; feebly acid; 
passed just before tea; three quarters of a pint of coffee, half a pint of ipilk 
with bread, but little butter or sugar. 

7 h 40“ p.m. Very milky; four and a half ounces; little blood; neutral. 

10 p.m. Very milky; five ounces; little blood; very feebly acid. 

Fifth day. Water passed at 

6 a.m. Slightly milky; yellowish; eight ounces; strongly acid. Specific gravity 
= 1017* No blood ; contained a very minute trace of albumen; did not ctylur 
. with beat. 

8 h 15“ a.m. Slightly cloudy; no blood; no coagulum ; one and a half ounc?, acjd. 
Specific gravity =1020'7- Contained a considerable quantity of albumen, 
though be had nothing to eat and remained in bed. 

9 h 30“ a.m. Almost quite clear; three quarters of an ounce, acid. Passed just 
before breakfast, which consisted of a pint of boiled milk, sago, bread, with a 
little butter. Apparently rather less albumen. Specific gravity^ 1^2,, 

1 l h 20” a.m. Yellowish milky. Three ounces made just before he got,up fqr |jie 
day; very feebly acid. Contained a considerable quantity of a|burnen ^*pqre 
than the two preceding specimens. No spontaneous coagulation. not 
dear by heat. Specific gravity =1019*4, , 

lp,#. Milky; coagulated spontaneously; four ounces, neutral; passedj^ be- 
fore dinner; mutton chop, onion with bread. 
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4 h 60“ p.m. Milky; nentral; six ounces just before tefe; thfce quarters of a 
pfrft'bftaffkboited, bread with butter. ' = s 

8p.m. Milky; fire ounces; neutral. 

10>.it. Milky ; three ounces; feebly acid. ‘ 

‘Sixth day. Water passed at -i 

6 b 35“ a.m. Yellow milky; more than opalescent; si* ounces, strongly acid. 
Specific gravity 1026*6. Passed on getting up. 513*8 grs. precipitated by 
alcohol's ]*83 gr.=3*6 grs. per 1000 grs. of urine. 

8 b 10* a m. More milky, with large pinkish coagula; two ounces, alkaline. Spe¬ 
cific gravity 1016*4. 508 2 grs. precipitated by alcohol =8*40 grs.=16*5 grs. 
per 1000 grs. of urine. 

9 a.m. Pink coagulutn filling an ounce bottle, alkaline; passed jnst before break¬ 
fast a pint of boiled milk, sago, with a little butter. 
ll b 30” a.m. Very milky, with large coagula. 

From these observations, and more particularly from the 3rd, 4th and 6th days, it 
is evident that the fibrin and albumen appear in the urine when no fat is perceptible, 
and previous to breakfast being taken, thus:— 

The 3rd day, 8 b 30“ a.m., the urine passed before breakfast, after he had been up 
an hour, was highly albuminous, and a nearly solid coagulum filled the bottle. 

The 4th day, 7 h 15“ a.m., on first getting up the urine contained the slightest trace 
of albumen. The specific gravity= 1027. The precipitate by alcohol =0*8 gr. per 
1000 grs. of urine. 

The 4th day, 9" 50” a.m., just before breakfast the urine formed a solid coagulum, 
and contained a visible deposit of blood. Specific gravity = 1015*6. The precipitate 
by alcohol =14*1 grs. per 1000 grs. of urine. 

The 4th day, 11 a.m., the urine was chylous. 

The 6th day, 6 h 35” a.m., on first getting up, the specific gravity =1026*6. The 
precipitate by alcohol =3*6 grs. per 1000 grs. of urine. 

The 6th day, 8 b 10“ a.m., before breakfast the urine coagulated spontaneously. 
Specific gravity =1016*4. The precipitate by alcohol =16*5 per 1000 grs. of urine. 

‘Further experiments on the influence of rest and motion in lessening or increasing 
the'albumen in the urine, previous to breakfast, were then made. 

On the Influence of Rest arid Motion in Lessening or Increasing the Albumen in the 
*> ■ • Urine previous to and after Food was taken. 

Seventh’ dayV £ast food' was taken at 5 h 15“ p.m. yesterday. He laid th bed this 
mbrning till 9^&0* a.m. 

’ ’ id^-M.milky; eight ounces. ' 11 ! 

6 h 40” a.m. Yellow, slightly milky; six ounces, acid; contained a little albumen. 
8“ 1<^ A.y] ctehi*, 1 healthy looking urine, made just before breakfast (boiled milk, 
a pint of sago, bread, with a little butter). The quantity, One add a half ounce. 
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Specific gravity =1021'3. Gave no coagulum with heat and acid. 610*65 grs. 
precipitated by alcohol. Precipitate =0-30 gr.=Q*6gr. per 1000 grs, of urine. 

9** 30 m A.M. Opalescent, no spontaneous coagulation. Two and a half ounces 
passed when he got up. Specific gravity =1019*0. Gave a considerable pre¬ 
cipitate with heat and acid. 509-5 grs. precipitated by alcohol. Precipitate 
=1*40 gr. =27 grs. per 1000 grs, of urine. 

12 h 30 “a.m. Milky; spontaneously coagulating. 

Eighth, being the next day. last food between 5 and 6 p.m. yesterday. Up this 
morning at 6 a.m. Urine passed at 10 p.m., last night, was chylous. 

2a.m. Yellow milky; three ounces, acid. Slightly coagulating with heat and 
acid. 

6 b A.M. Quite clear; healthy-looking. Two ounces; acid. Contained no trace 
of albumen. Specific gravity =1026*4, 513*2 grs. precipitated by alcohol. 
Precipitate =0*85 gr. = 1 *65 gr. per 1000 grs. of urine. 

7 b 30™ a.m. Opalescent; one and a half ounce; feebly acid; gave a large preci¬ 
pitate with nitric acid and heat; contained multitudes of healthy blood-glo¬ 
bules ; no casts. On long standing gave a small bloody coagulum, which felt 
to the bottom of the bottle. Specific gravity = 1018*8. 509*4 grs. precipitated 
by alcohol. Precipitate =06*5 gr.= ll*9 grs. per 1000 grs. of urine. 

9 a.m. Opalescent; by 12 o'clock became a solid jelly; two ounces, alkaline. 
Passed just before breakfast, which consisted of a pint of milk and sago, with 
bread and little butter. 

ll b 30“ a.m. Coagulated spontaneously to a strong, unclear, slightly milky jelly. 
About three ounces, alkaline, passed in my room. Says that he thinks be can 
tell when the urine will be most thick and bloody by the pain, pressure and 
dragging, with beat in the loins. 

Ninth, being the next day. Last food at 6 p.m. the day previous; staid in bed 
today until 9 h 30™ a.m. 

Urine passed at 

3 a.m. Cloudy, opalescent; five ounces. 

6 b 30 m a.m. Clear healthy water; an ounce and a half, highly acid. No precipi¬ 
tate with heat and acid. 

8 b 40“ a.m. Clear, one ounce; contained the smallest trace of albumen. Specific 
gravity =1024*2. He did not deep from 6 b 30™, but be remained in bed. 
This water was passed just before breakfast, which consisted of a pint of boiled 
milk and sago, bread, with a little butter. 512*1 grs. precipitated by alcohol. 
Precipitate =0*85 gr. =1*61 gr. per 1000 grs. of urine. ( 

9 b 30“ a.m. Still clear, an ounce and a half in quantity, made on first geUia g np. 
Gave the most minute trace of albumen. Specific gravity =102?% Very 
•lightly acid. 511*1 grs. precipitated by alcobol. Precipitate =0 60 gr. 
= 1*1 gr. per 1000 grs. of urine. 

10 h 30“ a.m. Very milky, alkaline. 
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Tenth day. After animal food had formed the greatest part of hisdiet for ten days; 
he remained this day in bed nntil after breakfast. 

Urine passed at 

gii 20“ a.m. Clear; no trace of albumen; acid. Specific gravity as 1023*4 grs. 
passed before breakfast. 511*7 grs. precipitated by alcohol. Precipitate =0*40 
gr. as0*78 gr. per 1000 grs. of urine. 

Eleventh day. The following morning; up early. 

Urine passed at 

8 h 10“ a.m. Cloudy; contained some blood-globules, but no trace of fibrinous 
casts; acid. Specific gravity =1022*6; passed before breakfast. Gave a 
considerable precipitate with heat and acid. 511 *3 grs. precipitated by alcohol. 
Precipitate =9*40 grs. =18*38 grs. per 1000 grs. of urine. 


The following table shows these results clearly: 
Seventh day. Remained in bed late. 

Urine passed before breakfast, clear 


8 h 10™ a.m. In bed. 

9 h 30® a.m. In bed. Urine passed alter breakfast, opalescer 

Eighth day. Up early. 

6 a.m. On getting up. Urine passed before breakfast, clear 
7 h 30® a.m. Up. Urine passed before breakfast, opalesce 

Ninth day. Remained in bed late. 

8 h 40® a.m. In bed. Urine passed before breakfast, clear 
9 h 30® a.m. On getting up. Urine passed after breakfast, cle 

Tenth day. Remained in bed. 

8 h £0® a.m. Urine passed before breakfast, clear 

Eleventh day. Up early. 

gh io m a.m. Urine passed before breakfast, cloudy 


Specific gravity. Precipitate by alcohol. 

= 1021-3 = 0-6 gr. per 1000 grs. of urine. 


alcohol in excess.. 


= 1019-0 

= 2-7 

= 1026-4 

t= 1018-8 

= 1-6 

= 11*9 

= 1024*2 

r = 1022-2 

= 1-6 

= 1-1 

= 1023-4 

= 0-78 

= 1022-6 

= 18-38 

= 1020-2 

= 2-15 

= 1021-2 

= 3-48 


The precipitate chiefly consisted of sulphates and a little phosphate of lime, and 
no uric acid. 

These experiments show most clearly the influence of rest and the effect of rising, 
(and even of waking) in causing the albumen to appear in the urine. The compa¬ 
rison of the 8th day with the 7th or 9th, and the great difference between the 11th 
and 10th days is quite conclusive. In other experiments I frequently determined 
before-band whether the urine before breakfast should be albuminous or not, by 
directing the patient to get up and move about early or to keep very quiet in bed. 
And by keeping in bed all the day the urine throughout the whole day was very 
•lightly albuminous. 
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' it appeared'toime to b«i tery dwirabfe tb*»e>wiw*ber Dte btobdwas mttky.* Mr. 
WilsoNi'of fTa^istock Stre^t’,' through Whose/k/indiesatfeb patbdnt t eamd tonne, bled 
him 'fei* me. 1 ' Theteins'wertO’filtedwith bloodratberlonger tbanusualbefore the 
opening : wtte made 5 tbetdoDd'cameim a itdlerable stream; Tb^dinben, dtdfc:W“ p.m., 
Consisted<bf *y'tnuttbit!«topi>irtth begetabies 'hnd breado 1 The*blood;ttscius taken at 
4 h 30 m p.m. into a thin twwternouth bottlfe it was left testandfourteenr'hoiiFS. There 
was no appearance of buff or euppiwg:^ The serum was opalesbent, bat nokat all milky; 
and when agitated with ether it did notbecoBle clear, and the quantity bf fat dissolved 
in the ether was<vBrj< SH»alJi-*«»f '*x; u '.> ->• 

Blood 'yi'v h> *saft32W2'<grs.**■ • • -it-/ 

(1.) Serum poured off= 288*5 grSi i Residue on evaporation tt±ri20'9gr*.i 

- 1 - «•"!(» -cfi -'ll; 1 *-!;v - Hence water.* ; sb32©l‘«grsi ! ' : ' 


^ 'Ctot 1 washed’With distilled* water until colourless. ‘ ■■■•iiVI 

,M, FibrindHteti^ invaeua < V : 1 . =3*20grs. •*■ •''•* ’<•'* 

*•’ > ')•><!•« !.•). .«!,t :■ .■ 1 ./ ±e2*©3gr8. per lOOOgrs. ofblood.v'»<’"■ 

(3.) Bl<H*kglbbuieS,pft« residue of serum,! __ 924 . 3 _ r8 ' ' ! ' 1 

nVtriiti fibrin. ‘ . . ... . J • < 


EvapbWitfed to^ynteSB : . . . . . . =26f*8grs. ■ 1 '• 

Hence water.=662*5 grs. . , , ; t 

eontainbyXi.) .; ■*!-.. ..... 681 grs. of solids of aerum. 

Therefore blood-globules=261*8—68*1 = 193*7 grs.= 159*3 grs. per 1000 grs.ofblotod. 
Total solids of serum = 68*1+26*9= 95*0grs.= 78*1 grs. per 1000 grs.efbleod. 

(4.) Dried blood-globules, and serum, in the proportion of one-quarter serhin'to 
three-quarters globules, were treated with ether frequently: 99*7 grs. gate 0*25 £r., 
soluble in ether =2*6 grs. of fet per 1000 grs. of dry residue. 

Hence in 1000 parts of blood— 


2’6S 

Mn .„ „,*, 

, 78*1 ,, . .j- 

24003 " . 

vliniS; 

. 0-62 


: k';I li'hiMulh, 


Fibrin. 

Blood-globules . ,,. ^.,., , f , . 

v ■ ^“^.1 - *. . -* * '■* 

Total solid residue .... 

’' *' ' > • t / 4 i .1 } .■; '*0’ U* it!* It. ‘ ,,.* 

"• 1 . ■ 1 ; :)*j,->.-» jt ■ * > fi, ,r 

1 The urine made the sanieday on W hick be was bled wafralso exaopined: ( I u»lr; f 
^ That- passed ’at* 1 ‘"/(i* !»-/<)''Mi!j ,** t ,f t,« t\ bin'! ■*'* tir, :; t.' t ',/it ,n /lUlti’i.’ip UJ 
J,; ‘ -, 6 l>, 80 #, A i .ri , .’C!!(eiairi ••»«;ln*p*,iM /nil! Minn j-iJ «.(it-ri r/ih; m‘i« fioik 

. 8 a.m. Slightly ckWdy. Ji fFhenigbtap* and had bjgaktet on'atrew^Doi. <t 

* W a.m. A solidand pinklsb^riiiW'eoagbbim formed in the uriae spontineoiialy. 
jt/u 1 1>'so®. 'M3ky' ; kith *db&bkM& add kpdnwmeous edagula. ^ euneespMhed 
VMjk> i ^t^orii«toet', ^hifch'e^^^<ffWinttWon^p, with-tegetabiehaid byMj 
4 p.m. Milky ; five ounces. - '< i* 
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il/ 4 h am t.u»/Milky, t «* 0natt6/>nuced)afterwartfcv «rith>*4 o’clock wfcleiSo.j jk «tm- 
>i < * Sained *very little bloods .He Mas bled iramediatolyaftetwapdfc, iFour/ouoces 
’ * ®f this urine wereevaporated to dryness, treated. withibotliog twateiv filtered; 

tested with sulphite of copper and liquor potasste $ give no -evidence ofaugjar. 
t Very nlilky tirinB* .with, blood-igloboles iandj ctogjidaiimSpieeafie inanity 

»(< 1 * m 10J8j neutral to test-paper; about!two eU nees, Otadoi beforeit ee.. ^ >i 11 # . 

'iS&9r0geSi evaporated, to vacua, over .sulphuric aefd-r- -. bin) lo mu ./.iqip.oi.-i / 
11 1 Residue ./ I. b * =28*95 gns.- (. ti i )iftj .hi// Inti bm 

=56*87grs. per lOOQgca,'of. urine./- . »!><> oft u 
Ash=5*50 . . . = 10*80 grs. per l#O0ig£6. of urine, hunfli 

509*0 grs.j predpitated by .an excess df alcohol-— - • p b n„ i ,mn ✓ < ) 
Albumen and fat= 10*90 gm . . 5. =22*41 grs. per 1000 grs. of urine. 

Ether dissolved = 3*8 grs. U . <i =: 7*46grs.per.ilOOOgPS.ofurijie._ 

Therefore albumen.= 13*95 grs. per IpQQgiffc .qf lirine. 

509*0 grs., evaporated to dryness, treated with absolute alcohol, filtered when cold— 
Residues 12*85 grs. . . . =25*.24gra. per 16 Q 0 gto, I ofiurjpe,i}j , 

Ash = 0*60 gr. .' '. . . = 1*18 gr. per 1000 grp,, qf 

Therefore urea and extractive =24*06 grs. pec 1090 gvs.ipftUfjnfi* j 
Hence— ' *i » i>».H 

Total dry residue = 56*87 grs. per 1000 grs. of urine. Specific gravity *fcl<M8i 

i " - •!..( limtl.i i nit ii i.) 1 

I > .ill! I i* to tilir#-* Ii lit i 

i i ' hi >l_, ini il i it m(l t i 

it i> h >i - >'»nlol„ '!‘il'j;i!p i i ! 

> , < 'i* -ij. i nl11 in .htiii >• 

'I ’ ►! 1(> II I OlKM III "1 MJ i) 1 


Total ash .. . , , jtfs 10*89 
Albumen a < u . = 13*95 
.F^t « * .i - 7,*4$ lf , 

Ureq. Ac. • . . ae 24*p6 , 

Loss.= *60 

Water .... =943*13 


1000*00 grs. hi 1 

The conclusions from these experiments are:— ** 1 

1 st. That so-called chylous urine may contain fit, hlblithfen, fibrin and healthy 
blood-globules. ' 1 1 

2 ndly. That although the fat passes off in the urine after ¥ood is taken, yet the 
albumen and fibrin and blood-globules are thrown out befb/e any food has been 
taken. During perfect rest the albumen cesses- to be excreted, a«d 4 >doc 8 .ifi 0 papppiar 
in quantity in the urine even after food is taken, provided there is ipeg^ct, t f€§ 4 {'S A 
short time after rising early the urine may coagulate spontaneotqgAy) although,po fat 
is present in perceptible quanfcity. aiad this ipny, happen* preyjqu* tq, ,fcK> 4 , / ✓ 

apdiyjiTbough the/urise.made just,befpre aad a.short ,#pwiafter,blinding w|as as 
noMupiaait) usually Was at that period.,of that day^yefc.the WWn\Ml^e blpad ; wus not 
dttikjd bit diAm»t:eontain a larger, quantity. p£ifet ( tbau n other 

-*nmio ovft ,/dlil/I w.'i t 
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respects, excepting in the diminution of the solids in the serum, the analysis of the 
blood corresponds with that of a case of cerebral congestion given by Andral. 


ns S -uV 'V- 

Fibrin ...... 2*7 2*63 

. ■v*' y'Ssfo v ' ' iW*' - ,/1 nu 1 

M'-vy/nW -iSdHdS Of'sernhi^ </ V. V A1 .tV.Vl - »70-!l a >*xH vawull wt\ 

Water. 740*0 759*97 

The general results are—**, • i : • ’ , . . . 

1st. That the most important changes in the urine take place independently of the 

•• , . , ,r ■ 'UlT 

. ^^dl^ Tji^t Ihe.^rin^ i^ o^e (respect only resembles e^jyle, R,nd ^t k,ip panfaipr. 

Ifflje qiipptity of fat in, a v$y fine ptate pf djwioo ;„b»f M, 
excess pffatji^ the urine if npt caused, by any excesf qf t fat ( in the blood, faupfffim 
of fat wm fo^nd ! therej! i u ,, ,, s ,,, .. „ iiu , .. ,'< j,.i.,vi 

- Jfu is produced in t^ ^jdp$y by wipeh fibrin,plbo- 

me t n,j globule^ and salfs, are allowed to pass out whenever (^circulation through the 
kidney if in^ffsu^d;Jf, at the same time, fat is present in the blood,it escapes also. 


hot visible to the nuked eye pp ffltfmyrtw rerpI- 

^ng,since demonstratedandih a cR9(?.Pfrlih«<%: 

pnd.wns e?camiped at j^inoutb^inn disewe- 
°f$?. ^ e to ^ of dbrino^ wtf pf 

from this urine, it is not improbable that by the microscope a difference <c|eh 

ft* mpm# jww i$fc$>,$pn ipt^^tbecortioai 

it. Jus. i!i!f, !■.?*•» ••,,» 't-t, H 1 ; j .... *i»,. I - .»! •>! r ■>', t i,,:i 

-t/JC'/r *t. 'in it' J *’ 1 i‘ j 1 

/„ V; 

r^j r ? * t tiioMj o»»*u 

*’ *. il.Mt 'IHI'UI <U >.•!•* <MMM »;?/''•*.if l.i :»,*• U, 'j 'HhImH 

frJwMnt 

h'OKO{ 'Hinu h» ,/^t^ooOI ‘tot| \‘u»d 1 1* *-»■« Imoi 

'* JftlVf 'fa *i*nj L ;md tu Ui " uj liO()! 

iliJfoi ‘ifif hr H> fjifM t<» lilUOOIti >Al\ » 4 >vh{ iijll^. i ^tt! r ill 

—' ‘»nrj\f *»fh «jf \nii 'to Jiufomi; 

/fhuj! ) o'uv nnt^ ibIiiokuwi t)fU » n* xA<t¥t?iU .)m<*ui‘> hui; oltnn nl t 

v»d?o Mnos* hm 4 , nuirrfuh gi; ^niind *jdr V> hinikUoniii 4 >mo« ttl .i ; 

^nmhibb lo ann<ft 

pofninun^ ntsonm odj hi v/mlammjsfiini oinan nl X 

^vinimrus siioviou odt iu 0 ! .1 






' .Hfciflu’auftiYtgv Ml 39901 ;i*o #&& 

wit )o tMvhicu; viij ,nun*j& writ n i abilms aifi lo noitaniimb wtl m 

,u:ms<A, '{d iMvrg ImfrrM \ f o '^i'» r b> liuft dtiw abm^/min I>oold 

XXXHI.. Contribution# fa the Chefnittry of the Urine,— r III. 

Part IV. Qnjhf V %riation$ of tf\e$ulphates and Phogjffeffffiftyt Disease . 

Hbnry Bence ^wes, M.D.,M.A.Qwtab., F.R.S., Pedant*# .George's Hospital. 
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uuuc wac increased or aimimsnea m any class or diseases. The total anlbtmrof 
phosphates in’tHfe brint! in t«4 'dttte^s ! sktae timb u njatf<$f«! 

<Jf experiment, 'partly to see tvhelhei* thV deductions made in a pajjer pdtilistieid in tte 
Philosophical Transactions for 1846 would be confirmed, and partly’to 5 determine’ 
Whether the same disease produced the same or a different effectbritib; phosphates 
aS on the SulphateS; whether/indiseases itl ivhich the phosphateswere incrt&ised tiie‘ 
sulphates wohld M also inched in the Satoe proportion; andW! tti tti^se 4 
diseases in which the phosphates were diminished, the sulphates also would he found 
to be below the average amount. 

Most df the following experiments weremadeon the urine first pasSdd 1 In thfe thotn- 
ing btfbtefo&L Whbrt thiS'cbtilff hdt be obtain^ the atiernbon dt 3 'bight UrfatTwas : 
tahenJ AlmoSt Ull the ctts'es Wbire ih Sti G’SBrgi’Sttd^itaT, and iherefbre iin^er'neaflf' 

tha same cfHmifiA»taitdei < ii <, r^ard^''eitbWd^.' The diet usually varied witb'Vbe 4&te 
ofthb patient. 1 ’ ” - *. . —)•"' . 1*0 -.1 h .-mhusiii. .nod 

ItiWrbphpfersiP the Phtiosdphibal TrahsimtiHPy for'ls^ i« d\m,i LlltllLim 
that in the healthy state on full diet the total amount of sulphates ahifl 
the urine varies as regards sulphates— 


. _ opw. grav. 

After food from 11*85 grs. of sulphate of baryta per lOOOgrs. of urine . 1033*9 

Before food to 7'93 grs. of sulphate of baryta per 1000 grs. of urine . . 1026*5 

As regards the total phosphates— 

After food from 7'22 grs. of phosphate of lime per 1000 grs. of urine. . 1030*0 

Before food to 7*96 grs. of phosphate of lime per 1000 grs. of urine . . 1027*9 

In the following paper I shall give the amount of the sulphates and the total 
amount of the phosphates in the urine:— 

1. In acute and chronic diseases in which the muscular structures are chiefly 
affected. 

2. In some functional diseases of the brain, as delirium tremens and some other 
forms of delirium. 

3. In acute inflammatory disease of the nervous structures. 

4. In chronic diseases of the nervous structures. 
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Agfl 

VWP 

5< diseases in which neither the nerratel Mbr <the nauscutor «t*uctiire8t-ar« 

chieflyejfectedv < ' ' - (.>">•', .. \ <l 

6. In chronic diseases in which neither the muscular nor nervous structures are 
chiefly aflfeeted. ■ * - ' ‘ ' "1 

Table‘I. —On the amount of Sulphates and the total amount o^^rt^y; apd Alkaline 
Phosphates in those diseases in which the muscular structures are chiefly affected. 



Sulphate of baryta 
per 1000 gn. of urine. 

Specific 

gravity. 

*natal phosphates 
'per 1000 gItW. of urine. 

Case 1. Acute chorea after salts. 

5th day ...*. 

26-09 

1032*3 

0*68 » 

»5th day .. 

21-73 

1036-2 


8th day .*. 

i-29 1 

f03<M) 

7*64 

9th day ........ 

£•56 

1013*1 

4-70 

Case 2. Acute chorea. Boy, aet 8. 


\ 

i 

j 6th day *. a.,. 

ll-SS 

1030-6 

3*09 

7th day ...... 

10-66 

1031*8 

2-52 

8th day . 

n-i5 

1031-2 

8-54 

10th day .*. 

t-39 

1028*4 


11 th day . 

3-92 

1018-6 

1*67 

i 102nd day .... 

8-01 

1030-6 

> i 

Case 3» Acute chorea* Girl, set. 22* 
3rd day . 

19-88 

1036*0 


< 6th day . . 

lt-a6 

1033*8 

% 

4Jth day . 

18-80 

3038*4 

6-31 

7th day . 

9-36 

1026*8 


; (8th day .. 

6-08 

1025*4 

i 

13th day .w. 1 

4-72 

1016*4 


Case 4. Chronic chorea ... 

1-86 

1008*2 


Case 5. Chronic chorea .*.< 

8-49 ' < 

1*14*7 

1*61 

1-91 

1014*3 

1*18 

5 f 

£-66 

1013*0 

4-88 

Case 6* Chronic tetanus .< 

1-58 

1009*9 

8-47 

l 

^•95 

101S-5 

8*76 


Henfce in three cases of acute chorea the most remarkable increase was ob served 
in the jimount df sulphates In the urine. That this did not arise from the small quan¬ 
tity of (urine passed is evident from the small amount of the total j^psp^ateq in the 
urine, j Morepvpr the actual quantity, passed, when it could be determined by mea¬ 
sure, was found occaslonally to be aboVe thirty ounces in twenty*fb|lf hours. It is 
worthy of notice. thM.thfc .ajauoimtw.of .urea. was..also-very greatly inorou a cd in* these 
ceses; so much sq^tbat on the. addition of ©itrio arodto'theirtnixi WitHhUt any dta- 
poration, nitrate of urea* tytmediafcelysiOry&taliifcfedt butt >- 1 ** ‘l f i"* 1 * >n <n Umim 

, A very small quantity of foodfdwri taken by the&<‘patients’47bHft’ the' tniisWVter 
ums naosJtiBovere ;, fljpd ithe coqtrast between thteaftioUnt of Sulphates Whjttn'ttrfey 
recovering- apd taking,full idiety and .thfe<ataaant! vrbea’ they -lock Ufttlfef hit 

fiPtate pf violent anuscnfai-.hetiom'tt'very ^markablei! >m h> /n*«ii u»i> 

Thfi gweral conclusion is, tbatrin,-acute chorea -the arabm*! of ’SiilpWteif'tti 1 4bn 
utm^j|smcrease(l, t wbrtst the phoSphatesjareim so hi erases asremurkably* dkikii^d. 
jioifii.jridiih d*ii too mil t n|/»<( mtm ,*uj (><t lit boliil* I nil iilUJ^ oil 1 >pl 
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Tenia ilit*#0a tbtei amount wf Sutptatem and tbetotalanmunt ^Earthy-and iAlka- 
line Phosphates in some functional diseases of the brain, as deiiriaih tremertsand 
> iS08M>other) forma of .'detirinin^ •-> o> >dt ult> < ,< . > r >■ i ' 


. .. 


bue 


Cfae 

Case 

Case 


1. I^iirium tremea®. 1 ! - ^Ijf 

Ghhday 4«. • .4* «M>« *■ J&tfcil 

6th night. Death. 

£. Delirium tremens. 

5th day . 

5* Delirium tremens. 

3rd day .... 

4. Delirium tremens. 

10th day ... 

5. Delirium tremeus. Chloroform. 

&tb day ... 

6. Delirium tremens. 

5th day .... 

5th night . 

6th died. 

7. Delirium tremens. 

Uncertain day ... 

Uncertain day ... 

Uncertain day . 

8. Delirium tremens. 

13th day.... 

14th day.. 

9- Traumatic delirium tremens. 

3rd day ... 

5th day ... 

6th day .... 

10. Poisoned by laudanum* with de«| 
liriuin and excitement. 

2nd day ... 

3rd day ... 

Re-admitted again poisoned 

.Unlay 

2nd day 
3rd day u 
4th da 1 


J a# a.# **-***** 


Case 


«<h all .”........"..1.!."!.". 

*»i***n. 

11. Delirium, with phthisis. 

4th day .I. 

fth ..., r 

7th day . 


Sulphate of baryta 
per 1000 grs. of urine. 


T 7T. 

i« l i>74 t 

13-34 

io-6o 

17-81 

8’51 

20-77 

37-07 pink. 


2-96 

7- 83 

8- 61 

13-10 

12-93 


8-15 

8-77 


7-83 

6-78 

.£-33 

6-38 

15-89. 

, ,13-01, 

' 1 7-rfi 1 

8i2@ 

11 M0t84 
" ®1 


Am 


Specific 

gravity. 


1017^9 

1018-0 

1023*94 

1024-74 

1026-8 

1037-8 

1041-2 


1013- 2 
1021-6 
10220 

1037*4 

1034*6 

1014- 8 
1028 0 
1026*2 


1026*8 
1028*0 

1039*2 
1024*0 
4028*0 

» 

1026-8 

mm, 

1018-3 
.i.ili.ii.il., imi 


TT 


Total phosphates. 
»H H i 

i , • ! i 1 I 


'5-89 > 

0-87 


2-14 

5-95 


1-18 

7-*!4 

7- 43 

9-83 

8- 89 

1-97 

8-11 

6-23 


7- 53 
1*11 

_ „ O.Qil _ ? 

* •"* “tTOT 

8- 24 
4-02 

4-42 

' .-SrBS 

1 1 > j .44 ' > 1 / 

, ,,,0180 ml t 
1-81 

UJi JjJilii tii 


.ft 


it 

1 * t 
V * V 
|/ Ml- 

Jlf'tl M I 


in t|»e 3nd» 3rd. 4 th,. 6th and 8th oases of delirium tremens the Sulphates were 
found to be above the average.- In the 64b cagethe sulphates dre'ifithte gre&test 
quantity, even observed in health or disease* » Sulphate Of ntdgiiesla ! bad - also' Wen 
taken by this patient,, SO that the amount of sulphates it< portly <*tinjg*«# the* irtediJ 
cane ;|bot that;tbds is not the sole orchief cause of.ithi'nkcreaio'i^pfo^b^liy thb fact 
that many of the patients with (Other diseases tooki the tame ; -quantity Of kiipMte of 
raagoo^.l^itbeiauiphatea inthe, urine were never increased4Wthe satefe amoutii 
{.Thni^bflPP^atfiStWktievfln out of thnnine cases; of delirium ttbtimdj'mste below the 
average. The same fact was stated in my previous paper, but from the diminution 
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of the phosphates in acute chorea, it becomes doubtful how far this result is owing 
to the action of alcohol in the system. 

Further experiments are required; meanwhile excessive abstinence from food must 
be admitted as a cause of the diminution of the phosphates in the urine, provided 
there is no inflammatory action of the nervous structures. 

In a case of restless excitement leading to self-destruction, the sulphates in the 
urine were found to be increased, and the same thing was also observed with a dimi¬ 
nution of the phosphates in a case of delirium and phthisis. 

In the 6th and 10th cases urea was found to be in great excess when the sulphates 
were increased. In the other cases the excess of urea was not looked for. 

Table III.—On the amount of Sulphates and the total amount of Earthy and Alka¬ 
line Phosphates in acute inflammatory diseases of the nervous structures. 


Sulphate of baryta per 
1000 grs. of urine. 


Specific 

gravity. 


Total phosphates. 


Case 1. Inflammation of the brain. 

20th day... 

Case 2. Inflammation of the brain. 

12th day. 

13th day. 

14th day. 

16th day... 

16th night. Died. 

Case 3. Subacute hydrocephalus. 

15th day. 

16th day .. 

22nd day. 

26th day...I 

28th day. Died. 

Case 4. Acute after chronic disease. 

Uncertain . 

Died. 

Case 5. Head symptoms, with tubercles in 
cerebellum and lungs. 

15th day. 

loth night . 

16th day. 

16th night . 

18th day. Died. 

Case 6. Inflammation of the lungs, with tu¬ 
bercles and violent head symptoms. 

4th day . 

6th day . 

8th day . 

9th day . 

9th night. Died. 

Case 7« Injury, with head symptoms not 
violent. 

2nd day . 

4th day . 

5th day .... 

32nd day. 

Cate 8. Iqjur^of the head, slight 


7*67 

1031-8 


3-96 


1 

11-23 

filwJS 

■ 

2-91 

1013-1 


7-34 \ 

7-69/ 

10270 

f 10-75 
\ 11*04 

8*83 


9*41 

10-69 


8-45 

8-83 


10-19 

9*46 

10314 

9*01 

3*54 

1024-9 

0*91 

9*39 

1026-0 

9*31 

9*88 

1031-6 

8*72 

1007 

1032-2 

8*91 

6-69 | 

1016-4 

4-72 

8-25 

1018-2 

5-69 

8*55 

1027-85 

7*19 

7*81 

1026-1 

6*43 

11-63 

1031-4 

9*30 

10*13 

1026-2 

7*99 

7*34 

1026-8 

5*20 

9*66 

1028-6 

7*52 

13-74 

1028-6 

7*91 

2-11 

1011-66 

1*52 

6*59 

1022-9 

8*93 





















rrtm mm mamma* m 


aid* tnl \vo*i hiflRWW# ctfooxs fir Eotaihpoiiq ***H 'to 


iw *nov Tvt»>ru?xn.r pvig^ f ny ? 

Case9.Fraefcuredspme.n<j*.» xu * . 

fith day .. ...... *-♦*••,■ 

6th day .i.V.™7.'.:.' 


Sulphate 


ii>r u*Uir» To H77TF7F *|«* t * vj 

® Total phoephate*. I 

wh t}»f 0 rv<M /*> \ /i 1 i #i ‘I 


ft* 5o •ii'iiti'* t\ >•)'* (V, 


7th night Died. 

3*e' 1 d.' ¥r»«&re<J«t*taes^''- • ■•’ 1 


il^I ■* »*• - 

8t9l:i'uiv*» W890.-, 14,-rr i; 

• t>. .!■ .i-r I'l'-n; nj os hnitnl :»'!•»« 


Mb*? •r?rr«»-* 

6thday ...AA.tii.Ci^.;:;.;.i;.. 


- % § zz:?™:v™?zr. • SSI 

9th day . 2*18 

; ‘ • Mftfc myJ. ■ * 2*37. 

Died. , 

Case II. Fractured spine. 

lot day ... 6*59 

1st night. Died; 

Case 12. Fractured spine. 

1st day... 5*90 

2nd day . 6*45 

2nd night......... 3*37 

3rd day . 5*87 

3rd night... 10*32 

4th day .1'. 6*65 

4th night.1. 7*61 

5th day ...... 13*03 

6th day. Died. 


.iJgan.I.j-orlUtrnn 

-I«30»2.i "! -‘<t ! 




®h-* 

1*58 

i2*»7 .\ if 


10X9*4 

1025 v 3 

1012*4 

1023*6 

1027*0 

1022*6 

1024*1 

1027*8 


In the first eight cases o>£ inflammatory action in the brain, there is an inefease in 
the amount of sulphates a$ well as in the total amount of pho^phAtes in thfc urine. 
In the secondhand third cases this increase is most apparent. In the previous paper the 
phosphates in the urine were shown to be decidedly inprp^spd inflammation of the 
brain, and from these experiments it is evident that the sulphates are increased also. 

From the amount of albumen in the nervous structures, it is certain tpat the 
amount of sulphur present therein is but little if at alllessthtpt the dipouTft >cjf phos¬ 
phorus which it contains. . , f w.< \ 

Table IV.—Ort the amount of Sulphates and the total amount dF Ph6?phates, Earthy 
and Alkaline, in some slight and chronic diseases of the ofteryouaor neighbouring 


structures. 


Sulphate of baryta Specific vc } t 
per 1006 gra. urine, gravity. . ^hoiphatea. 


Case 1 • Pain in the iiead. After salts. 

40th day .... 

Case 2. Hemiplegia. 

0 i , 7th day .*,*,*•”• 

< ' - 21st day . 

Cwe^^Soalp woiip& ( , yAj&er salts,. , 


SlS&jlU 


. iiU‘ 


wr ?np 


ull. Af^^altsj 


MDCCCL. 





























666 DR. BENCE JONES ON THE VARIATIONS; OFTH* SULPHATES 

Jnthose diseases no increase of sulphates was observed, except lifter sulphate of 
magnesia bad been taken as a medicine. The quantity takenwas usually two 
drachms; yet the amount in the urine never reached to what it was when there was 
excessive action of the muscular or nervous structures. 

Table V.—On the amount of Sulphates and the total amount of Earthy and Alkaline 
Phosphates in acute diseases, in which neither the nervous nor muscular structures 
are chiefly affected. 































































*' In thesh' aciiife difceafces, exfctepttrftbr'snlphate bf magnesia, the amount bf salphtkes 
was ncit fonrid above tbe kvteHtgte. Tbe athbtmtbothofphoSphfttes attd etriphaftes 
appeared not tb beinflaencedbytbisSe diseases. 1 ( ■ t 

- * “• i< ,v' « i/s*i v- 1 > ■ * ft 


Taslb yi,—On the, amount of Sulphates and the total amount of Earthy,qnd Alkaline 
Phosphates in ChrpnicDiseases, in which neither the nervous nor muscular struc¬ 
tures are chiefly affected. , , 


.’■ ’ * ’ * • ■ ■ 4 ' 



Total phosphates. 

Case 1. Exostosis ..... 

1*75 

I0I6-6 


Case 2. Exostosis . 

7*09 

1023-4 

6*03 ' 1 

Case 3. Exostosis .*... 

9*08 

EI£!1 

11*58 

Case 4. Diabetes. 

7*45 


3*94 

Case 5* Diabetes. 

4*21 


0*91 

Case 6. Diuresis. Albumen. 

0*49 

1003-6 

1*09 


0*89 

1005-36 

1*49 

Case 7« Obstruction of the oesophagus. Albumen . 

1*38 

1012-2 

4-70 

Case 8* Aneurism of aorta? . 

6-03 

1017*8 

2-39 

Case Q. Obstruction of the bowels. Sulphate of magnesia. 




8th day . 

22-55 

1024*3 

3-51 

9th. Died. 




Case 10. Excessive oxalate of lime. 

7-89 

1025*5 

6-14 

Case 11. Indigestion. Alkatine from fixed alkali. 

3-26 

1024*7 

3-65 

Case 12. Chronic rheumatism. After sulphur .. 

5-85 

1011*82 

4-86 

Case 13. Chronic rheumatism. 

7-93 

1023*44 


Case 14. Chronic gout. Vichy water. 

10-04 

1025*8 

8-26 


In these chronic diseases nothing remarkable was observed as to the amount of 
.sulphates or phosphates, excepting in case 3 of exostosis, in which the amount of sul¬ 
phates and of phosphates was above the average. ; 

In case 9, bf total obstruction of the bowels, sulphate of magnesia waa given fre¬ 
quently during the day in small doses: nothing passed through the intestine. The 
whole of the sulphate was absorbed, and hence the great increase in the sulphates in 
the urine. ’ 

In a patient, case 14, who was taking Vichy water, the sulphates werfe observed to 
be slightly above the average. 

The conclusions I have drawn may be thus enumerated:— , ' I 

Table I. In three cases of acute chorea the most remarkable increase was observed 
sin the amount of Bulphates in the urine. In the samecasesthe quantity ofurea wap 
ivery touch increased; The quantity of urine made in twenty-four hours was not ex¬ 
cessively diipuuahedy and the total amount of earthy and alkaline pbqsphates wap 
ibelow the average amount^ '■ '! 

| The general conclusion was, that in acute chorea the amount qf sulphates in the 
gurine jjg increased, whilst sonietimes the phosphates are as renjiarkp^ly diminished. 

) Table II. In delirium tremens and in other delirium a remarkable increase in the 
amount of sulpha^ in theurine was frequently observed, aiiff'flie tbthj phosphates 
jwere in the game'bases occasionally remarkably diminished; and the resemblance tp 

...4 <j i ’ ....- 
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the state of chorea was still closer, inasmuch as occasionally a very great excess of 
urea was found in these cases also. 

Table III. In acute inflammatory diseases of the nervous structures^ during the 
most febrile symptoms, an increase was observed in the amount of sulphates in the 
urine, and the total amount of earthy and alkaline phosphates in these diseases ap¬ 
peared to be increased in the same proportion as the sulphates were increased. 

Table IV. In some slight and chronic diseases of the nervous structures, no increase 
in the amount of sulphates in the urine was observed, excepting when sulphate of 
magnesia had been taken as a medicine. 

Table V. In acute diseases, in which neither the nervous nor the muscular struc¬ 
tures were chiefly affected, no increase in the sulphates or phosphates was observed, 
except after sulphate of magnesia. 

Table VI. In chronic diseases, in which neither the nervous nor the muscular 
structures were chiefly affected, no decided increase in the sulphates or phosphates 
in the urine was observed, except after sulphate of magnesia. One case of exostosis 
may be regarded as a doubtful exception to this statement. 

The general conclusions are— 

1. That in acute chorea, in which the muscles are in excessive action, the sulphates 
and urea in the urine are greatly increased. 

2. That in delirium tremens the same state of urine is frequently met with; that in 
these diseases the phosphates are not at all increased. 

3. That in acute inflammation of the nervous structures, sulphates and phosphates 
are both increased in the urine. 

4. That in chronic diseases of the brain, and that in other acute inflammations and 
diseases and in other chronic diseases, no increase in the total amount of sulphates is 
observed, excepting when sulphate of magnesia is taken as a medicine. 

The result of this investigation is that— 

Muscular action increases the sulphates in the urine without increasing the phos¬ 
phates; whilst 

Inflammation of the brain increases both the sulphates and phosphates in the urine. 
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XXXIV. Second Appendix to a paper on the Variations of the Acidity of the Urine in 

the state of Health. 

By Henry Bence Jones, M.D., M.A., Cantab., F.R.S.,Physician to St. George'sHospital. 


Received June 6,—Read June 20, 1850. 


On the Influence of Tartrate of Ammonia and of Carbonate of Ammonia on the 

Acidity of the Urine . 

In a previous paper and appendix on the acidity of the urine, published in the 
Philosophical Transactions for 1849, I have shown the effect of different diets, of 
sulphuric acid, of tartaric acid, of caustic potash and of tartrate of potash on the 
acidity of the urine; in this Appendix I purpose tracing the effect of tartrate of 
ammonia and of carbonate of ammonia. 

III. (e.) The effect of tartrate of potash having been so remarkable, it was thought, 
that by observing the effect of tartrate of ammonia, some conclusion might most 
rapidly and decidedly be obtained, as to the comparative effect of fixed and volatile 
alkalies on the acidity of the urine. 

Mr. Morson prepared for me some beautifully crystalline tartrate of ammonia: 
one portion was dried by pressure on blotting paper; another portion was dried in 
a water bath. When dissolved in water no acid reaction was perceptible. 

(36.) The first day for comparison no tartrate of ammonia was taken. Breakfest 
at 8 h 40 m a.m. Dinner at 6 h p.m. On mixed diet. 


h m 

Spec. gr. 

Acidity per 1000 gr». of urine. 

Appearance. 

Water passed at 7 25 a.m. 

was thrown away. 


Water passed at 8 40 

1015*3 

+ 4*93 measures. 

Clear. 

Water passed at 9 45 

1021*7 

- 2*93 

Clear. 

Water passed at 10 50 

1018*5 

- 7*85 

Clear. 

Water passed at 1 0 p.m. 

1025*8 

+ 10*72 

Thick from urates. 

Water passed at 3 25 

1024*2 

+ 19-52 

Thick from urates. 

Water passed at 6 0 # 

1023-5 

+ 26*38 

Clear. 

Water passed at 8 15 

1029*4 

+ 25*26 

Thick from urates. 

Water passed at 10 15 

1031*7 

+ 15*50 

Thick from urates. 

Water passed at 7 10 a.m. 

1022*3 

+ 10*76 

Clear. 

(37.) For the following days tartrate of ammonia was taken. The first day two 
drachms of imperfectly dry tartrate of ammonia were taken, in two ounces of distilled 

water, at a few minutes after one o’clock p.m. 


Water passed at 8 35 a.m. 

1025*1 

+ 13*65 measures. 

Thick appearance from urate*. 

Water passed at 10 5 

1023*9 

+ 11*72 

Thick from urates. 

Water passed at 11 30 

102?8 

- 7*78 

Clear. 



bencs imm m>, cbs «ttumss> s* a*® aciDirr 


>/«'. \n'-< h m ' SMe. sm 

Water pasted «t 1 ftp.*. 1027*0 

Water passed «t $ 30 1024** 

Water passed at * 50 1026*0 

Water pawed at 4 30 1026*9 

Water passed at 6 30 1024*6 

Water passed at 11 45 1031*0 

Water passed at 6 55 a.m. 1021*1 


AnWity per 3000 fn. of urine, 
+ 5*64 measures. 

+ 11*70 
+ 18*52 
+ 20*47 
+ 18*54 
+ 12 * 6 * 

+ 16*64 


TUek^^Bt meates. 
Thick from urates. 
Thick from urates. 
Cloudy. * ‘ ■ , , 

dear. 

Thick ft»m urates* 
Clear. 

ki-.jn i ' -« * i ’} .•. :t' 


(38.) The following day 180 grains, of tartrate of ainoaonia,, dried at 1 QQ, were 
taken soon after, twelve o'clockand at three o'clock 108 grains more were t iffin, ; Ih 
all then, 888 grain* Breakfast at 8” 24“ a.m. Dinuerat^O” p.m. Tha salt - ivhH 
severe griping pain of. the bowels, which lasted until the nfekt, iwt tfe bowels were 
not relaxed. , . . ,, * 


Water passed at 8 24 am. 

1026*0 

-h 17*54 measures. 

Thiok £ram urate*. . f 

Water passed at 10 ,10 

1027*0 

+ 13*63 

t Thick from urates. 

Water passed at 12 5 

1027*4 

+ 11*68 

Thick from urates. 

Water passed at 1 0 p.m. 

1024-8 1 

+ 17*56 

Thick from urates. 

Water passed at 3 0 

1027*4 

+ 28*36 

Thick, from urates. 

Water passe&at 5 0 

1025-5 

+26-35 

Clear. 

Water {pissed at 6 20 

1026*0 

+*7*29, .... 

Clear., ,. 

Water pawed tt 11 }6 

1029*2 

+ 16*54 

Thick from urates. 

Water passed at 6 40 a.m. 

1022*9 

+ 17*59 ‘ 

Clwr. 

(38.) The following day a single dose of tartrate of ammonia was taken. At twelve 

o’clock 177 grains of imperfectly dry tartrate of ammonia were taken. Breakfast at 
8 b 10“ a.m. Dinner at 6 h 30” p.m. as before. 

Water passed at 1 8 10 a.m. 

1027*0 

+ 19*47 measures. 

Thick from urates. 

Water passed at *9 45 

1024*8 

+ 17*56 

Thick from urates. 

Water passed at 12 0 

1026*9 

+ 14*60 

Thick from urates. 

Water passed at 1 30 p.m. 

1026*0 

+ 16*57 

Thick from urates. ‘ 

Water passed at 3 20 

1027S 

+ 25*80 

Thick from urates. 

Water passed at 4 50 

1027*9 

+ 27*24 

Thick from unites. v 

Water passed at 6 30 

1027*7 

+ 28*21 

Thick from urates. 

Water passed at 11 ; 40 

1027*2 

- 8-75 

Clew. ’ * 

Water passed at 7 0^m. ^ 

. j 1017*5 , . 

+17*69, ... t 

* jWMW !'< , 


The medicine caused slight oneiMftnesis Of the bowel8,whieh lastedonfil the eVthing. 
(40.) The following day no tartrate of ammonia was taken'.. Breakfast atS* 30* a. if. 
Dinner at 6 h 50 m p.m., as before. . .. . 


Water passed at 8 30 a.m. 
Water passed at 10 10 
Water passed at 11 20 
Water passed at 1 0 p.m. 
Water passed at 2 30 
Water passed at 5 5 
Water passed at 6 60 
Whterpassed at f ll 0 i f n 


+21*46 measures. 
+ U*75 


Thiok frodiWabs. 
Thick AAUlUA" 1 


1023*0 

0 

' Ctew. 5fi 

1027*0 

+ 5*84 


1027*1 * 

+14*60 


1026*0 

+26*84 

dkn^T’fr^mwit*^ 1 

1026*6 

+ 29 * 22 ' 

r: -&d. . . . "’ , ' h 

1082*1 * 


























































k <^ ctSSS? ‘ 

•< ••ieMtqr jmioeogt*. of arias. 

' +15-7*aieaeure». '/• 

v fan 

GleeT 

Water ywaad-at’ » *• 1 

1086-8 

+88-87 

WtkAeaaMia -r 

Water pane** t « 

1087*8 

+ 15-56 

Ufa* free* mates. 

Water peiaed aftt 4b 

1085-0 

+ 5*85 ' 

Tfeick ftomwratt*. 

Water pined at 12 # 

10*6-8 

- 3+9 

Ckwi - - ■ 

Water p—ed at t-SOroi. 

1086-5 

+ 11-69 

Tfcokfhm maw*. ’ " 


,f 'i'3 * > ' . , / ,* iy (-V.# , •' "t # 

It follows from these experiments, which are best seen in Hate LI., that the in> 
fluence df tkrtfhte of ammonia In lessening the acidity of the urate is bet jtercepifible. 

' By ebmparing this Plate With Plate XXIII. 1849, the remarkable tfifftrencebe- 
tween the action of Volatile alkttli and fixed alkali hi very apparent. When* t#o. 
drncbmsof tartrate of potash were taken, the effect was percepdble in thirty-five 
minutes. When three drachms of tartrate of ammonia were taken, no diminution of 
the acidity of the nrine was observed. 

In three days, one ounce, one drachm, two scruples and five grains of tartrate of 
ammonia were taken without any apparent effect in diminishing the. acidity of the 
urine. 

III. (/I) The effect of carbonate of ammonia on the acidity of the urine was then 
examined; and for this purpose Mr. Morson gave me some of the so-called sesqui- 
carbonate of pharmacy. Each dose was reduced to powder immediately before it 
was taken, in distilled water. 

(41.) The first day for comparison no carbonate of ammonia was taken. Breakfast 
at 8 b 80* a.m. Dinner at e*40” p.m. As before. 


h m 

Water paned at 8 80 jum. 

Spec. gr. 
10884 

Acidity per 1000 grs. of urine, 
ket* 


Water paned at II 8 

1088*8 

4* 4*87 meavures. 

Cloudy. 

Water paned at It 88 

1084*4 

4- 6*88 

Clear. 

Water paned at 8 8 p.m. 

1086*0 

4-16*87 

Clear. 

Water paned at 8 1* 

1016*7 

-hi 8*68 

Clear. - 

Water paned at 6 48 

1088*6 

486*40 

Clear. f 

Water paned at U 8 

1031*4 

0 

Clear. 

Water paned at 6 56 a.m. 

1081*1 

4-18*78 

Clear. 



(42.*) The following day. Breakfast at 8 h 15 m a.m. Dinner at 6 h 50“ p.m., as before. 
Eighteen grains of carbonate of ammonia were taken at 12 h 50“. >, 


Water puced at 8 H>iM. 1021-7 

Water paned at 9 SO 1012-6 

Water pawed at 11 35 1080-3 

Water pnndat 1* 40 1088-5 

• Water pawed at 3 Oral. 1088-1 

Water paMa4 at 4 30 1021*1 

Water pawed at 6 50 1083-? 

Water, pawed at 11 4 1031-1 

W^Atar paned at 6 SO aoi. 1083-4 


+15-66 meanurM. 

■ Oar. 

+ 7-90 

Clear. 

0 

Clear. 

+ 11-63 

Clear. 

+17-61 

- Clear. ' 

+20-56 

Cledr. ' 

+24-42 

Clear. , ' 

+ 19-39 

MS final state*. 

+15-63 

dear. , . 


(48.) Hw following day. Breakfest at & 12“ a.m. Dinner at 6* 86“>Jt. Twenty 
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grains of carbonate of ammonia were taken at 1“ p.m. ; and the aarntf quantity at 
3 h 30” P.M. 


h m 

Spec.gr. 

AcUttr per 1W0 fra. of Wk 


Water passed at 8 18 a.m. 

1084*6 

+88-49 meMam. 

dear* 

Water passed at 9 45 

1081*0 

+ 16*66 

Thick from mates* 

Water passed: at 11 © 

1085*0 

+11*70 

Thick from urates. 

Water passed at 1 Opvm. 

1087*5 

+ 16*57 

Thick from urates* 

Water passed at 8 85 

1089*6 

+21*36 

Thick from urates. 

Water passed at 4 85 

1087*8 

+89*00 

Thick from urates. 

Water passed at © 35 

1086*8 

+29*28 

Clear* 

Water passed at 9 *5 

1083*4 

+27*09 

Thick from urates. 

Water passed at 11 85 

1089*3 

+ 2*91 

Clew. 

Water pasted at © 5© a.m. 

1086*4 

+ 29*28 

Clear. ' 


(44.) The following day. Breakfast at 8 1 * 10“ a.m. Dinner at 6 h 40“ p.m., as before. 
Twenty grains of carbonate of ammonia at 11** 15" aa Tbe same quantity at 
12 h 45“ noon. Repeated at 2" 15” p.m. ; and again repeated at 4 h p.m. In all, eighty 
grains of carbonate of ammonia in the day. 


Water passed at 8 10 a.m. 

1030*6 

4-58*99 measures. 

Thick from urates. 

Water passed at 9 45 

1025*1 

+ 88*34 

Thick from urates. 

Water passed at 11 15 

1027*4 

+ 13*68 

Thick from urates. 

Water passed at 18 45 

1029*0 

+ 19-43 

Thick from urates. 

Water passed at 8 15 p.m. 

1028-4 

+ 84*31 

Thick from urates. 

Water passed at 4 0 

1026-2 

+ 87*88 

Clear. 

Water passed at 6 40 

1027-7 

+30*16 

Clear, 

Water passed at 10 45 

1031-1 

+ 89*09 

Thick from urates. 

Water passed at 6 10 a.m. 

1022*6 

+ 85*48 

Clear. 


(45.) The following day. Breakfast at 8 b 15 “a.m. Dinner at 6 h 45 “p.m., as be¬ 
fore. For comparison no carbonate of ammonia was taken. 


Water passed at 8 15 a.m. 

1083*6 

+ 86*37 measures. 

Clear. 

Water passed at 10 © 

1083*5 

+ 83*44 

Thick from urates. 

Water passed at 18 45 

1087*8 

+ 21*41 

Thick from urates. 

Water passed at 3 8© p.m. 

1089*0 

+ 34*02 

Thick from urates. 

Water passed at 5 35 

1088*3 

+ 35*00 

Clear. 

Water passed at 6 45 

1030*8 

+ 36*86 

Thick from urates. 

Water passed at 9 80 

1038*9 

+ 37*75 

Thick from urates. 

Water passed at 11 45 

1631*4 

+ 7*75 

Cloudy. 

Water passed at 7 85 a.m. 

1089*8 

+88*33 

Thick from urates. 

(46.) Breakfast at 8 h 80“ a.m. 



Water passed at 8 30 

1088*6 

+87*28 

Thick from urates. 

Water passed at 9 35 

1085*4 

+ 17*55 

Clear. 

Water passed at 11 © 

108W 

+ 8*75 

Clear, , 

Water passed at 1 0 p.m. 

1030*3 

4*17*47 

Thick from urates. 

Water passed at 3 © 

1089*3 

+85*26 

Thick from mates. 

Water passed at 5 45 

1029*0 

+87*81 

Thick from mates. 


The malt of these experiments is very evident in Plate LII. 
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It follows |iber^frotn, that carbonate of ammonia, taken in large doses, does not 
diminish the'acidify of the urine. On the contrary, the third day (experiment 44.), 
when most carbonate of ammonia was taken, the acidity was higher then it had been’ 
any previous day. By experiment (45.) it appears that the acidity of the urine was 
stiil high on the following day. The effect of the .eighty grains of carbonate of ammo¬ 
nia was very evident twenty-four hours after it was taken. 

The comparison between Plate XXII. Philosophical Transactions, 184®, represent¬ 
ing the acidity when tartaric acid was taken, and this Plate, which Shows the effect 
of carbonate,of ammonia, is worthy of observation. The urine was more acid when 
carbonate of ammonia was taken than when tartaric acid was taken. It is possible 
that there was some difference in the irritability of the stomach when the two series 
of observations were made. But the gradual increase of the acidity, as the quantity 
of carbonate of ammonia taken was increased, shows that the difference of the mate 
of the stomach was not the cause of the state of the acidity of the urine. When no 
carbonate of ammonia was taken, the acidity of the urine, after food was taken, was 
diminished to a greater degree than it was when the volatile alkali was taken. 

The comparison between Plate XXI. Philosophical Transactions, 1849, which re¬ 
presents the acidity of the urine when liquor potassae was taken, and this Plate, which 
shows the acidity when carbonate of ammonia was taken, is also very interesting, as 
it establishes the important difference of the effect of volatile and fixed alkali on the 
acidity of the urine. , 

That 138 grains of carbonate of ammonia, taken in three consecutive days, should 
not diminish the acidity of the urine is very remarkable. It is still more worthy of 
attention that it actually increases the acidity. It appeared very desirable to test these 
facts by further experiments. 

(47.) The experiment with large doses of carbonate of ammonia was therefore re¬ 
peated. For comparison, the day previous to that on which the carbonate of ammo¬ 
nia was taken, the variations in the acidity of the urine were determined. Breakfast 
at 8 h 30" a.m. Dinner at 7 p.m. 


h m 

Spec* gr. 

Acidity per 1000 gw* of urine. 

Appearance. 

Water pasted at 7 SO a.m. thrown away* 



Water passed at 8 30 

1028*8 

419*44 measures. 

Thick from orates. 

Water passed at 9 40 

1026*0 

4* 14*62 

Thick from urates. 

Water passed at 10 35 

1020*2 

■f* 5*85 

Clear. 

Water passed at 11 55 

1027*6 

-14*59 

Cloudy from phosphates. 

Water passed at 1 0 p.m. 

1027*9 

+ 12*64 

Cloudy from urates. 

Water passed at 0 65 

1026*8 

+18*60 

Thick from urates. 

Water passed at 6 10 

1026-4 

+24*38 

Thick from urnies. 

Water passed at 7 0 

1027*9 

+31*13 

Thick from urates. 

Water passed at 11 0 

1031*8 

+ 7*76 

Thick from urates* 

Water passed at .6 45 a*m. 

1824*7 

+ 9*7« 

Clear* 


(48.) The following day. Breakfast at 8 * 15" a,m. Dinner at 7 rM ‘, Twenty 
mdcccl. 4 a 
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grains, of carbonate of ammonia were taken at 1 l h 40 1 ' a.m. The same quantity at 
] h 15“ p.m, It was repeated at 2 h 25“, and again repeated at 3 h 55“. In all, eighty 
grains dissolved in about eight ounces of distilled water. 


h m 

Spec.gr. 

Acidity per 1000 grs. of urine. 

ApMMMace. 

Water passed at 8 15 a.m. 

1 OSS’S 

+ 17*54 measures. 

Clear. 


Water passed at 9 30 

1025 0 

+ 12-68 

Thick froth urates. 

Water passed at 10 25 < 

1028-8 

+ 6-83 

Clear. 


Water passed at 11 40 

1087*0 

+ 2-98 

Clear. 


Water passed at 1 15 p.m. 

1026*7 

+ 11-69 

Cleaapv^ 

r , 

Water passed at 2 25 

1087*3 

+ 19-47 

Thick froin urates. 

Water passed at 3 55 

1083*9 

+23-44 

Clear. 

* 

Water passed at 5 30 

1088*8 

+ 25-42 

Clear. 

t 

Water passed at 7 0 

1085-2 

+ 29-26 

Clear. 

• \ ^ 

,4 

Water passed at 10 55 

1028-9 

+ 3-94 

Clear. 

. * 

Water passed at 5 10 a.m. 

1084-6 

+ 2-94 

Clear. 



Plate LIII. gives the means of comparing the acidity of the urine on these days. 
Here also it is evident that the acidity is not so much diminished after food when 
carbonate of ammonia is taken, but the increase in the acidity after* the volatile 
alkali is taken is not so evident as in the previous Plate Lit.: this probably arose 
from the very considerable increase in the quantity of water made <m£ tbe day the 
carbonate of ammonia was last taken. The volatile alkali acted as a diuretic. This 
is seen by tbe lower specific gravity of tbe urine the secondday. The actual quan¬ 
tity of water passed was one-tbird more than it was on the previous day. 

MU this experiment shows that eighty grains of carbonate of amiRonia do not 
lessen the acidity of the urine. ™ 

(49.) The following day no carbonate of ammonia was taken, breakfast at 
8 h 20 ® a.m. Dinner at 7 h 15“ p.m. An increased quantity of urine was seoteted during 
this day also. 4 


h m 

Spec. gr. 

Acidity per 1000 gr*. of urine. 

Appetrmce. 

Water passed at 8 20 a.m. 

1017*2 

+ 13*76 

Clear. 

Water passed at 9 30 

1014*5 

+ 8*87 

Clear. 

Water passed at 10 15 

1014*5 

+ 7*88 

Clear. 

Water passed at 11 25 

1021*3 

+ 12*72 

Clear. 

Water passed at 1 10 p.m. 

1023*8 

+ 17*58 

Clear. 

Water passed at 2 30 

1023*5 

+ 20*51 

Clear. 

Water passed at 3 50 

1021*5 

+ 19*68 

dear. * 

Water passed at 5 £0 

1022*2 

+ 21*42 

Clear. * 

Water passed at 7 15 

1025*9 

+ 23*39 

dear. 

Water passed at 10 30 

1028*3 

0 

Clear* 

Water passed at 6 £5 a.m. 

1028*4 

+ 11-69 

dear. 


(50.) The next day eighty grains of carbonate of ammonia were taken in divided 
doses: twenty grains at 1 l b 45“ a»m. ; the same quantity at l b 15“ p.m., at 3*30“ P.M., 
and at 3 h 45“ p.m. Breakfast was at 8 b 20“ a.m., and dinner at 7 b 30“ pj». 

The quantity of urine was much less than on tbe two previous days. ; 
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h m 

Spec. gr» 
1026*5 

Acidity per 1000 grs. of urine. 

Appearance. 

Water pasted at 6 20 a.m. 

4-18*50 measure*. 

Thiek from urates. 

Water passed at 9 SO 

1025*6 

4* 14*62 

Thick from urates. 

Water passed at 10 35 

10£8*4 

4* 7*78 

Thick from urates. 

Water passed at 11 45 

1029*3 

0 

Clear. 

Water passed at 1 15 p.m. 

1027*9 

4*14*59 

Thiek from urates. 

Water passed at % 30 

1027*4 

4*21-41 

Clear. 

Water passed at 3 45 

1026*7 

4-26*29 

Clear. 

Water passed at 5 £0 

1026*9 

4-28*24 

Clear. 

Water parsed at 7 30 

1028*7 

4-32-08 

Clear. 

Water passed at 11 15 

1029*7 

4-17*48 

Clear. 

Water passed at 6 55 a.m. 

1028*4 

4-19*44 

Thick from urates. 

Here again there is decided evidence of an.increase in the acidity of the urine after 

a large dose of carbonate of ammonia. 

There was no diuretic action, but during the 

night a most profuse and unusual perspiration took place, 
no carbonate of ammonia was taken. 

The following morning 

(51.) Breakfast was at8 h 35 Tn A.M. 
previous days. 

Dinner at 6 U 15 m p.m. 

The same as on the 

Water passed at 8 35 a.m. 

1026*7 

4-22*40 

Thick from urates. 

Water passed at 9 40 

1026*2 

4-13*64 

Thick from urates. 

Water passed at 11 0 

1027*4 

4* 8*76 

Thick from urates. 

Water passed at 1 0 i».m. 

1030*6 

4-11*64 

Thick from urates. 

Water passed at 3 0 

1028*9 

+ 21*38 

Thick from urates. 

Water passed at 6 15 

1030*8 

4*29*10 

Thick from urates. 

Water passed at 10 30 

1033*3 

4-18*55 

Thick from urates. 

Water passed at 2 0 a.m. 

1030*3 

4- 8 73 

Thick from urates. 

Water passed at 7 20 

1028*8 

-418*47 

Thick from urates. 

Water passed at 8 £0 

1029*8 

-4 20*39 

Thick from urates. 


Perhaps the acidity did not rise higher on account of the perspiration, which must 
have removed much acid from the system. The effect of the carbonate of ammonia 
may be traced in a smaller fail than usual in the acidity after breakfast and dinner. . 

These experiments, well seen in Plate LII., then tend to the confirmation of the 
results previously obtained :—first, that there is a very great difference between the 
effects of volatile and fixed alkalies on the acidity of the urine; secondly, that car¬ 
bonate of ammonia, in large doses, does not diminish the acidity of the urine; thirdly, 
that carbonate of ammonia, in large doses, actually increases the acidity of the urine; 
and this was evident, not only in the acidity not falling so low as it did after food 
when no carbonate of ammonia was taken, but in an actual rise before food to a 
higher degree than was reached when no carbonate of ammonia was administered. 

The conclusions from these experiments with tartrate and carbonate of ammonia 
may be shortly stated thus— 

(e.) That tartrate of ammonia in large doses produces no effect on the alkalescence 
of the urine. It differs entirely in this respect from tartrate of potash. 

(/.) That carbonate of ammonia in large doses increases the acidity of the uripe. 

I hope to determine the cause of this in a future paper on the variations oft the 
nitrates in the urine. 
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XXXV. An Experimental Inquiry into the Strength of Wrovght-hron Plates and their 

Riveted Joints as applied to Ship-building and Vessels exposed to severe strains. 

By William Fairbairn, Esq. 

Communicated by the Rev. Henry Moseley, F.R.S. 

Received April 25.—Read Jane 13, 1850. 

TlIE experiments herein recorded were instituted early in the spring of 1838, and 
before the close of the following winter most of them had been completed; owing 
however to a long series of professional engagements they have stood over (with the 
exception of some additions made in the following year) to the present time. The 
object of the inquiry was twofold—first, to ascertain by direct experiment the strength 
of wrought-iron plates and their riveted joints in their application as materials for 
ship-building; and secondly, to determine their relative valne when used as a sub¬ 
stitute for wood. On these two points it cannot be expected that our knowledge 
should be far advanced, as a very few years have elapsed since it was asserted that 
iron, from its high specific gravity, was not calculated for such a purpose, and that 
the greatest risk was likely to be incurred in attempting to construct vessels of 
what was then considered a doubtful material. Time has however proved the fallacy 
of these views, and I hope, in the following experiments, to show that the iron ship, 
when properly constructed, is not only more buoyant, but safer, and more durable 
than vessels built of the strongest English oak. 

At the commencement of the experiments I felt desirous of conducting them upon 
a scale of such magnitude as would supply sound practical data, and at the same time 
establish a series of results calculated to ensure confidence as well as economy in 
the use of the material. My views were ably carried out by Mr. Hodgkinson, who 
conducted the experiments under my direction, and from whom I received valuable 
assistance. 

In conducting the investigation I found it necessary to divide the subject into four 
distinct parts:— 

1st., The strength of plates when torn asunder by a direct tensile strain in tbe 
direction of the fibre, and when torn asunder across it. 

2ndly. On the strength of the joints of plates when united by rivets as compared 
with the plates themselves. 

3rdly. On the resistance of plates to the force of compression, whether applied by 
a dead weight or by impact. 
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And hotly. On the stretch and value of wrought4ron frames and rife* ai^gHed 
to ships and oilier vessels*. . . 
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WflRt 1/ \ * •" /*’ if '* 

At the commencement of Irm ship-building, in which I took an antM ^ the 


absence of acknowledged facts relative to tile strength and varied coalitions under 
which the material was apyfied, was the principal reason which inducedesae hqWer 


upon this inquiry. I have extended the investigation into the best methods, of rivet. 
log, and the proportional strength of rivets, joints, &c., as compared with tber plates 
and the uses for which they are intended. The latter is a practical andbtghly iuK 


port ant inquiry, os great difference of opinion exists amongst engineers and others^ a# 
to the fqrm, strength and proportions of rivets, and the joints of which they fonp an 


essential part. I therefore considered an experimental investigation much wanted, 
not only on account of its important practical bearing, but what was prohubly of 
equal value, in order to remove existing discrepancies and to establish a sounder 
principle of construction founded upon the unerring basis of experiment. From these 
considerations I bestowed increased attention upon the inquiry, and endeavoured to 
reader practically useful. Before detailing the experiments, it may be necessary 
to «$Mcribe the apparatus by which the results were obtained. 

aW annexed drawings, Plate LIV., represent a side aud end view of the apparatus 
used la tiie experiments. Hie large lever A was made of malleable iron and was fixed 
to tke lower cross beam B (fig. I) by a strong bolt O, which paused through it at B. 
At the top end of this bolt a preparation was made to receive the end of die lever, 
and by means of the screw-nut at Sr, the lever A Was raised or lowered to suit the 
length of the plates to be experimented upon/ Upon the top side of the beam, and 
under the gable wall of a building five stories high, were placed fwo Cast-iron columns, 
D, D, Which retained the beam B in its piece and prevented it from rising when the 
lever was heavily loaded during the experiment. The frame E guided the end of the 
lever and the weight W, and close to the fulcrum were placed two wooden standards. 


* Several important feet* and improvements in-the construction of iron ships have been ascertained autos my 
experiments ware made, but I apprehend none of them have tended in the least degree to diminish their 
value. Nor have they, to the best of my knowledge, been superseded by others of a more elaborate or more 
decisive character. It is true, that a series of interesting ana important experiments have been made at tha 
instance of the Admiralty on the effect of shot upon the sides of iron ships. At some of them ex pe ri m ent* 1 
had the honour to he present, and witnessed some carious and unexpected results. 

The first series was conducted at the Arsenal, Woolwiph, and subsequently other* were mad* at Boctamouth. 

. Both were important os respects the effect of shot npcm wroaght-iron plates, with enlarged arid diminished 
Amrgm of powder aud at different velocities, but discounting as regards the use of iron in ot 

■ ships of war. These experiments, however interesting in themselves, do net appear to he oouelurive; mad ft ft't 
to se h»pd that the apparent danger, indicated by the experiment*, may yet be e mtxmw, ring toplatftifty 

a* well as the greater security of the iron ship fully established. 





















.#*,onwMeh wwhfewdtbesaddles«M<trfagi4|MN»bar G, from which 
' fits plate* to be imperiweiited *p<» *W suspended. ftaMejOateswere nearly all of 
' the same bra as shown at IRE, Mid letre made narrwwr ut the middle to ensure 
fracture in that part { the ends, w at &, 6, bad plate* riveted t» dw» «* both sides, 
la order tost lengthen them at those parts when attached to Ibtbalto bad shackle 
aider strain. 

The specimens thus prepared were suspended by the cross bolts i»h ®®d restiaf 
upon tbs standards were tom asunder by weights suspended from the large beam, 
as exhibited in the Plate. 

in addition to the large weight W> a strong scale was attached to the extreme dpi 
Of the lever at I, for the purpose of increasing the weights when required in the 
larger description of experiments, and by the application of a pair of blocks and ths 
windlass K, the load was removed, and the changes produced upon the plates WOP* 
by these means carefully determined. • ’ , 

The following data respecting the weight W, lever, shackle, &c«, are taken front 
the actual weights from which the calculations are made:— 

lbs. * 

W. The weight with its carriage. 2562 

A. The weight of the beam .......... 1070 

2 A. The weight of the beam .2140 

3 A. The weight of the beam.3210 

K. Shackle .. 24 

4 K. Shackle. 00 

6K. Shackle.. • ‘ 144 * 
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' Ift ^tw ftdk^ng expemtteate Att the plates were of unitbrmthioknd*, moirnS itbe 
fori* wJWaked in fig.2iw the column of. remarks t ^boends had pintB«m«tbd<tb 
them on both side* to-render them iadvxibieT thejr bad'ibokayd^^ Atfrfcd Hthnongb 
them jjerpeodkrufcir to the ptete;ia order to canwaet Jtby ttotojirehli■Aicypphrtitps 
'for foxring it Asunder’ in the part A B, which wasmad* narrower 4haibtbet«esbJ -sfSFlfe 
centres of the holes0,0 were in a direct line through tbe middle between^-atublHk 

' Table I. Str^ogthdf Hates.—Low 'Moor VorK&fjlre T’rtiA.’ ^ * -* 






**m*i**&#um r# 


&e*evk>tKMt rf plate 
*U Anwarekm* U tfc* 


Dra** hi the di 
Jr***^ at’tt» fibre.: 
i Am* of *octitm{ 
1m middle 
frGOx**3-*44to. 


^•V^i 1:1 


Weight 
h»id on m 

IW 


RW»t«d dkotsatotn 

|inidiffl e*^U d«thrQMj^h| 


*4,043 

85431 

**471 

*4,747 


lafxl* 

Wutodi 

143x1* 

1WX*18 


weight 

itTK: 


»48t 

*4447 

254*3 


1*5,400, or*5 r7 ton* per] 
square mch. 




Fig. 3 Plan andseetiuh riT 





All tWphfoi iaf^kJnhj^adtfAmaaW 
jof three or more pities, tbe axtontal oaea 
{being thinner than the Internal <me*t. 

In tbe last experiment there vm a db> 
[aqion. ba^wPOnthc lamina which admitted 
the point of a penknife. 


Same iron drawn] 
the flbra. 
Area of aocrion 

*©0x-S*-44 in. 


33,179 
*4 455 

« 


Altered. 

I«X *15 


*-*X‘l 9 


37,09* 


*7,0*9, or 27 49 ton* perj 
square inch. 


Thk, it will he «po. <1# w*Wt et§ 
{the narrowest place. , , , 


t t 
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Tabl* If. strength of Plates.—Low Moor Yorkshire It^b. 


No. 
* : 

Dowxnitwu of nU&e 
mad dmf^iTvnn m tb* 

WegJi* 

W4«wh* 

Bodumd dmMoaiom In 
■riddle of pUta through 
weight* Utd on. 

Booking 

tre 

M«*a hnsoklag weight 
tntt*. 

--.... 

3e*n«4a* a - j, 

5. 

ft 

Sanaa inn aa is 
Table Lr draws 
across the fibre 

Are* of section 
*ft0x**~*44ifl. 

34455 

*6415 

3*471 

Stretching. 

*1*5 x**0 

mx*** 

1 

*6415 

33471 

35,ft8a, or 26-0*7 ton 
per square inch. 

The form and use of aptabton a* befors, 

Ag. *. * “ 

In then experimeata it wntteftrod, 
a* 1 A No. 4. in the ThMa, that 

tbe pkte did not M -attb* ajammail 
part, a mmrtnatana tbe maNp aanirtUna, 
a there- ibd not appear to be ajiythlbg i* 
the apparats* to onqa iL 

”7/ 

.3 j . 

• rr^ 

Sanction, thicker 
plate*, drawn in di¬ 
rector <rf fibre. 

Area of section 
*'00 x 4f>- 4i iu. 

rr-rrfr .■* ■ -- 

27,0*9 

*5,993 

I 

i 

Ttucknem *25 

1^6 X^4 

27*099 

2M» 

igAriiorW-ieumafier 
square inch. 

* ; ' 'At - 4 4 1 

■i gd^aaau^. 
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t tiie whole of the plate* manufacture*! in this country are lam ioafeKCWmg to I mm ^ S ^ ifcfe 


y e i,ani ntwro, *> urg w nuc ermnnrar ir iimi 

the ihisgiea are formed, by piling a number of flat bar* one upon another, which art wmiA 

i the plate may be required heavier or lighter. c '*#$$£'‘ f v{ 
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INTO THE STRENGTH OP WROUGHT-IRON PLATES. 
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The results obtained from the Low Moor plates in the preceding Tables give fair 
indications of their strength. It will be observed, on comparing the mean of the 
breaking weights in this case with the experiments of Brown and Telford, that there 
is a very slight difference between the strength of plates and bar iron. 

Taking the results of Captain Brown, we have in eight experiments on Swedish, 
Welsh and Russian iron, 25 tons as a mean of the breaking weight when reduced to 
an inch square. 

In Mr. Telford’s experiments on Swedish, Welsh, Staffordshire and faggoted iron, 
the mean breaking weight obtained from nine different bars was 29} tons to the 
square inch. The comparison will then be— 

Captain Brown’s experiments, 25 tons to the square inch Mean 

Minord and Desames' experiments, 25 tons to the square inch . . 1*26*41 tons. 

Mr. Telford’s experiments, 29} tons to the square inch . . . . J 

Yorkshire plates’ experiments, 24^ tons to the square inch. 

Making the strength of plates to that of bars as 24*5 : 26*4, being a comparatively 
small difference in their respective powers to resist a tensile force. 


Table III. Strength of Plates.—Derbyshire Iron. 


Description of plate 

and dimensions in the 

middle. 


Weight ’Reduceddimm*tou* in Wreaking 

laid on in middle of ldste through, weight 
Iti*. | weight, laid on. , in lb*. 


Mean breaking weight 
in Um 


Drawn in the tli.j 
rectiun of the fibre. 

Area of section 
[2*00 x 'Sflin. "| £ 


10 . 


200x*20in. 


I* 


21.210 

28,667 


21.210 
22 jm 
26.707 


Stretched, 
2-00 x 27 


Sinking. 
Sinking. 
2*la X'27 


Form of specimen the same as shown 
in Table I. fig. 2. 


28,667 


26,707 


ooo 

ooo 

ooo 


K- 


1 


ooo 
ooo 
" No oo 


r rv, .ay 


[27,687, or 21*68 tons per There was a stripe resembling steel 
square inch. 


across the fracture near one side. 


iH. 


12 . 


Plates drawn 
[aeross the fibre. 

Area of section 
1*00 x’28 • *56 in. 


*0Qx*28~*56itt. 


22,393 

23,179 


24,747 


Stretching. J 
Thickness *27 

2*00 x *28 


23,179 

24,747 


j23.063, or 18*63 tons per! 
si}uaie inch. 


In the broken surface there seemed to 
[be a stratum of steel, the rest was hum- 
jnated but imperfectly. 

Short streaks of steel in fractured sur¬ 
face. 


If we compare the results in the Derbyshire plates with those in the preceding 
Tables, we have in the mean of four experiments a ratio of 20*165 :24*850, or 5 to 6 
nearly. 

Again, by comparing the same plated with the mean strength of bars reduced to 
an inch square, the difference will be as 20 to 26, being an excess of 6 tons in favour 
of the bars. 
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Table IV. Strength of Plates.—Shropshire Iron. 


No. 

of 

exp. 

Description of Plate 
and dimensions m the 
middle. 

Weight Reduced dimensions in 
laid on in middle of piste through 
lbs. | weights laid on. 

Breaking 
weight 
in lk 

Mean breaking weight 
in lbs. 

Remarks. 

13. 

14. 

Drawn in the di- 
rection of the fibre. 

Area of section 
SbOOx **65 ~ *3 in. 

. 

! 

. 

. 

28,275 

25,928 

27,099, or 22 820 tons 
per square inch. 1 

Form of specimen the same as showu 
in Table 1. fig. £. 

In the first experiment the fracture 
showed an iron very uniform, except a 
few bright spots like steel. 

Experiment 2. Appearance of fracture 
as before, but a crack up the middle 
showed that the plate was formed of two 
plates of equal thickness, not well united. 

15 

16 .j 

Plates of the same 
iron drawn across 
the fibre. 

N)0x *265 — *53 in. 



26,315 
25,923 | 

2d, 119, or 22 tons per 
square inch. 

! 

Fracture as before, with a laminated 
diversion, as in last experiment. 


The Shropshire iron gives better indications of strength than those obtained from 
the Derbyshire plates; the mean breaking weights in the last Table being 22’41 tons. 
From the Yorkshire plates we have a mean breaking weight of 24-85 tons, exhibiting 
a difference of 2-£ tons in favour of the Yorkshire iron, and 2 tons or about j'^th 
greater than the Derbyshire. 


Table V. Strength of Plates.—Staffordshire Iron. 


No. 

of 

« P . 

Description of plate 
and dimensions m the 
middle. 

Weight 
laid on iu 
lbs. 

Reduced dinu-mions in Breaking 
middle of plate through weight 
weight* laid on. in tbs. 

Mean breaking weight „ 

m lbs. j Remarks. 

17. 

18. 

Drawn in the di¬ 
rection of the fibre. 
2*00 x *26 —*52 in. 


f 

. | 23,571 

. , 22,003 

i 

Form of specimen the same a.s before, 
|fig- 2* 

22,7^7, or 19*563 tons' Fracture dark grev colour, very similar 
per square inch. ,to that from the four preceding plates. 

,lt had however a few specks of bright 
‘matter in it, and was without any lami¬ 
nated appearance. 



1 

19. 

29. 

Plates of the same 
iron drawn across 
the fibre. 

! Area of section 
2*90 x ’295 a= *53 in. 


. 24,335 ' 

j Irregular iu texture, air-bubhles in frao* 
’tnred surface, with bright cr)stalli/cd 
|matter like steel. 

1 This iron has much of the same irregu- 
24,943, or 21*01 tons larity as the Derbyshire iron, 
per square inch. Surface of fracture showed the iron to 

be very irregular, one-half being bright 
matter like steel. 

23,571 ; 

; f 

The thickness *26 25,531 


On comparing the strengths of the different irons, it appears that the Derbyshire 
and Staffordshire plates are nearly equal, the former indicating 20*105 tons as the 
mean of the breaking weight per square inch, and the latter, as in the preceding 
Table, 20-28 tons per square inch. The same comparison further applies to the above 
and those made on the Derbyshire plates in Table III. 

Taking therefore the results as derived from these experiments, it will be observed, 
that in every instance little or no difference appears to exist in the resisting powers 
of plates, whether drawn in the direction of the fibre or across it. This fact is clearly 
established by the following comparison, which evidently shows, that in whatever 
direction the plates are torn asunder, their strength is nearly the same. 
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Mean breaking 
weight in the direc¬ 

tion of the fibre, in 
tons per square inch. 

Mean breaking 
weight across the 
fibre, in tons per 
square inch. 

Yorkshire plates... 

25-770 

27*490 

Yorkshire plates... 

22-760 

26-037 

Derbyshire plates . 

21-680 

18*650 

Shropshire plates . 

22-826 

22-000 

Staffordshire plates . 

10-563 

21-010 

Mean. 

22-519 

23*037 


Or as 22'5 : 23*0, equal to about -Jg in favour of those torn across the fibre*. 

From the above it is satisfactory to know, so far as regards uniformity in the 
Strength of plates, that the liability to rupture is as great when drawn in one direc¬ 
tion as in the other; and it is not improbable that the same property would be exhi¬ 
bited, and the same resistance maintained, if the plates were drawn in any particular 
direction obliquely across their fibrous or laminated structure. 

In order however to establish the relative powers of resistance in plates of rolled 
iron, I have endeavoured to tabulate the results, as derived from the preceding expe¬ 
riments, in such form as will indicate their respective values, and place them in com¬ 
parison with each other, and also with those made on bars by Telford and Brown. 
The comparisons arc made from the Yorkshire plates, as producing the best results; 
and conceiving them to be a fair average of the strength of rolled iron, I have selected 
them as the standard of comparison. 


Comparative results of rolled iron as derived from experiment, the Yorkshire plates 

being unity. 


^ \o of Mean breaking 

NmiiP* of iron. wetirln m ttiu> dot 

i experiments, ' m l* 1 

| | square men. 

I Ratio of tin* strength of plates 
Mean breaking 1 drawn in the direc tion of the fibre, 
weight in tons per ami across it. Also of rolled and 
square inch. > faggoted bars drawn in the direc- 

1 tion of the fibre. 

Yorkshire plates. 8 

Derbyshire plates . 4 

Shropshire plates .< 4 

StaftbrtNhire plates .. 4 

25-514 

. 

. 

20* 160 
22-413 
20-264 

1 : 0*7882 

1 : 0-8789 

1 : 0*7946 

Mean..... 

t 

25-514 

20*945 J 1 : 0-H209 j 

ilMMi 

HI 

m 

26-41 

1 : 1*0351 


* In some experiments by Navi ku upon the strengths of plates of wrought iron, both in the direction of the 
fibre and perpendicular to it, he found them as 40*S to 36*4. The new methods of piling the rough bars before 
rolling may however account for the difference, and in a great measure determines the strength of the plate. In 
this country the process of piling is by equal layers of flat bars at right angles to each other, which produces 
great uniformity of strength and texture in the manufacture. At other places there is sometimes a difference 
in the mode of piling, which varies the texture of the plate, and also the strength of the layers are greater in 
one direction than another. 
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Here it will be observed that the difference between the strength of the Loir Moor 
plates in their resistance to a tensile strain, when compared with bar iron, is incon¬ 
siderable ; but taking the mean of the other irons, viz. the Derbyshire, Shropshire 
and Staffordshire, there is a falling Off in the strength of about 21 per cent-, the ratio 
being in favour of bar iron as 1*035 : *8209. 

In treating of the strength of iron, it may be useful to compare the foregoing expe¬ 
riments on the tensile strength of plates with those of a similar description on timber, 
pn this subject I feel the more desirous of establishing a comparison, as the two kinds 
of material are now applied to similar purposes, such as ship-building and other con¬ 
structions, and the question becomes every day more important as to which of the two 
materials is the best. There is every reason to believe that the advocates of improve¬ 
ment would arrange themselves oil the side of iron, and those for the “ wooden walls " 
would be equally zealous on that of timber. This is however a question which time 
and experience alone can determine, and conceiving that our knowledge of the pro¬ 
perties of iron, as a material for ship-building, is far from perfect, we may safely leave 
its final decision to the evidence of experimental research, and a more extended ap¬ 
plication of its practical results. 

When we attempt a comparison of the value of one material, in its application to a 
specific purpose, with that of another material similarly applied, the comparison is only 
correct when the two materials are placed in juxtaposition, or when they are contrasted 
under the same circumstances as to the trials and tests to which they are respectively 
subjected. Now in this comparison I am fortunate in having before me the able ex¬ 
periments of Musschenbrock, Buffon, and those of a more recent date on direct co¬ 
hesion by Professor Barlow of Woolwich. I have selected from the experiments of 
the latter those which appear to approach most nearly to the present inquiry; and 
impressed with the conviction of their having been carefully conducted and being 
from English timber, I attach the greatest value to them. 

According to Musschenbrock’s, the strengths of direct cohesion per square inch of 


the following kinds of timber are as follows:— 

lb#. lbs. 

Locust-tree. 20,100 Pomegranate.9/50 

Locust-tree. 18,500 Lemon. 9250 

Beech and oak .... 17,300 Tamarind.8/50 

Orange . 15,500 Fir. 8330 

Alder. 13,900 Walnut.8130 

Elm.13,200 Pitch pine.7630 

Mulberry. 12,500 Quince. 6759 

Willow.12,500 Cyprus. 6000 

Ash.12,500 Poplar. 5500 

Hum. 11,800 Cedar. 4880 

Elder ....... 10,000 
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From Barlow the strengths are,- 


Box .... 

' lb*. 

. . . . 20,000 

Beech . . * 


lbs. 

. • 11,500 

Ash .... 

. . . . 17,000 

Oak . . . . 

F • • < 

. . 10,000 

Teak. . . . 

. . . . 15,000 

Pear . . „ , 


. . 9800 

Fir .... 

. . . . 12,000 

Mahogany. . 

« 

. . 8000 


Mr. Barlow, in adverting to the experiments of Musschenbrock, observes, that 
some of them differ considerably from bis own, a circumstance probably not difficult 
to account for, as the different degrees of dryness have a great effect upon the 
strength of timber*. 

Dr. Robison, in speaking of the experiments of Musschenbrock, states, that we 
may presume they were carefully made and faithfully narrated, but they were made 
on such small specimens, that the unavoidable natural inequalities of growth or tex¬ 
ture produced irregularities in the results which have too great a proportion to the 
whole quantities observed. It is for the same reason that I give preference to 
Mr. Barlow's results, as he observes, “that the experiments from which they are 
drawn Mere made with every possible care the delicacy of the operation would 
admit.” Assuming therefore that Barlow is correct, and taking the mean strength 
of iron [dates, ns given in the preceding Tables, at 49,God lbs. to the square inch, or 
calling it 50,000 lbs., and the resistance of the direct cohesion of different kinds of 
timber as given by Mr. Barlow, the following ratio of strengths will be obtained :— 


Timber : Iron. Ratio, taking 

lbs. lb?. timber as unity. 

Asli.17,000 : 50,000, or as I : 294 

Teak .15,000 : 50,000, or as 1 : 3 33 

Fir.12,000 : 50,000, or as l : 416 

Beech .... 11,500 : 50,000, or as 1 : 4*34 

Oak .10,000 : 50,000, or as 1 : 5*00 


Hence it appears that the direct cohesion of iron plates is five times greater than 
oak; or in other words, their powers of resistance to a force applied to tear them 
asunder is as 5 to 1, making an iron plate \ inch thick equal to an oak plank of 
inches thick. In the teak wood ami fir specimens, which exhibit greater resisting 
powers, nearly the same rule will apply, and thinner planks, as regards the tensile 
strength, would answer the purpose. This is a circumstance which may be appli¬ 
cable to teak wood, but unfavourable to fir when viewed as a building material ex¬ 
posed to a great variety of strains, or when used for sheathing and similar purposes 
in the art of ship-building. The teak wood being timber of greater density and of 

* It has been shown by Mr. Hodgkinson, that timber, when wet, will be crushed by a force less than oi*e- 
hulf of what would take to crush it when dry. It therefore follows that much depends upon the samples selected 
and the way in which the timber has been seasoned. 
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higher specific gravity, is better calculated to resist shocks than a tough fibrous 
substance of a soft and spongy nature, such as fir. 

On this subject it should however be noticed, that whatever material is used for 
covering the ribs of vessels, it should be strong and elastic, in order to resist not 
only the force of direct tension, but that of lateral and compressed action. In a ship 
at sea these forces are strikingly exemplified, and that under circumstances embar¬ 
rassing as well to the practical builder as the man of science. 


Remarks on the foregoing experiments. 

Having determined the strength of iron plates when drawn in the direction of the 
fibre as well as across it, and having compared the results with experiments of a 
similar character on timber, it may be useful to offer a few general observations on 
the question now under consideration. 

Dr. Robinson, in his article on the strength of materials*, when discussing the na¬ 
ture of a stretching force applied to materials, observes, “that iu pulling a body 
asunder the force of cohesion is directly opposed with very little modification of its 
action; that all parts are equally stretched, aud the strain in every trausverse sec¬ 
tion is the same in every part of that section.” From this it would appear, that a 
body of a homogeneous texture will have the cohesion of its parts equal, and since 
every part is equally stretched, it follows that the particles will be drawn to equal 
distances, and the forces thus exerted must be equal. Now if this were true, the ap¬ 
plication of an external force to a body might be increased to such an extent as not 
only to separate the parts furthest asunder, but ultimately to destroy the cohesion of 
all the particles at once, a circumstance under which instantaneous rupture would 
follow as a result. These views are however not borne out by facts, as the experi¬ 
ments of Mr. Hodgkinson on iron wire show that, the same iron may be torn asun¬ 
der many times in succession without impairing its strength-}-; and some recent expe¬ 
riments at the Royal Dockyard, Woolwich, clearly show, that an iron bar may be 
stretched until its transverse section is considerably reduced and ultimately broken 
without injury to its tensile strength. Nay, more, the same iron (so elongated), when 
again submitted to experiment, exhibited increased strength, and continued to in¬ 
crease, under certain limitations, beyond the bearing powers of the same bar in its 
original form That all the parts of a body “ subjected to a tensile strain are equally 
stretched ” is therefore questionable. Bodies vary considerably in their powers of re¬ 
sistance, and exhibit peculiar properties of cohesion under the influence of forces cal¬ 
culated to tear them asunder. Fibrous substances, for instance, such as ropes and 
some kinds of timber having their fibres twisted, are enabled to resist tension under 
the influence of considerable elongation without impairing their ultimate strength. 


* Encyclopedia Britamiica. 

J I am indebted to Mr. Thomas Lotd of 
See Appendix, 


t Manchester Memoirs, vol, v. 

the Admiralty for a series of interesting results on this subject. 
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Many of the fibres are stretched, but only to the extent ©f bringing the others to bear 
upon the load, which done, their united force constitutes the maximum of resistance 
to a tensile strain. 

Other bodies of less ductility and more of a crystalline structure, such as cast iron, 
stone, glass, &c., seem to be subject to the same law. In these cases it seldom happens 
that the whole of the particles arc brought into action at once, as much depends upon 
the conditions of the body, the unequal state of tension of its parts, and the strain 
which some of the particles must sustain before the others receive their due portion 
of the load. Should the non-resisting particles be within the limits of elongation of 
the other particles, the body will then have attained its maximum power of resistance; 
but in the event of rupture to any of the resisting particles, the cohesive force of the 
body is thereby reduced, and that to the extent of the injury sustained by the frao* 
tured parts. 

w There are however ,’ 1 as Dr. Robinson truly observes, “immense varieties in the 
structure and composition of bodies which lead to important facts, and prove that 
the absolute cohesion of all bodies, whatever be their texture, is proportional to the 
areas of their sections.” Undoubtedly this is the case in bodies having an uniform 
texture with straight fibres, and hence it follows that the absolute strength of a body, 
resisting a tensile strain, will be as the area of its section. 

The peculiar nature of the material combining a crystalline as well as a fibrous 
structure has led to these observations. In some instances the specimens experi¬ 
mented upon exhibited an almost distinct fibrous texture, and in others a clearly de¬ 
veloped crystalline structure*. At other times some of the specimens were of a mixed 
kind, with the crystalline and fibrous forms united ; the fracture having a laminated 
appearance, with the crystalline parts closely bound on each side by layers of the 
fibrous structure. These varieties are probably produced in the manufacture, and 
may be easily effected either by the mode of “ piling ” the layers of bars which form 
the plate, or from the unequal temperature of the parts as they pass through the rolls. 
But whichever way they are produced, it is evident, from the experiments, that the 
fractures gave, in most cases, indications of an unequal and varied texture. 

In the foregoing experiments, and also in those which follow, great attention was 
paid to the appearance of the fracture, in order to ascertain the structure of the 
plate, and to determine how far it could be depended upon in its application to the 
varied purposes for which it was intended. 

These appearances are all shown in the drawings appended to the experiments, and 
to which I beg to refer, 

* See the fractured parts of the different specimens, Plate LV. 
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QuJ^e,^tre^gth tjf frpn Mates, united by Rivets, and the best mode ^ Hbetkng- 

:■ ThtreXtCnsive and almost innumie table uses to which iron is applied, constitute 
one Of the most important features in the improvements of civilised life; It con¬ 
tributes to the domestic comforts and commercial greatness of the country, aod from 
its Cheapness, strength and power Of being moulded, rolled and forged into almost 
every shape, it is not only the strongest, but in many respects the most eligible mate¬ 
rial for the construction of vessels exposed to severe strain. Large vessels composed 
of iron plates, such as steam-boilers, cisterns, ships, &c., cannot however be formed 
upon the anvil or the rolling-mill. They are constructed of many pieces, send these 
pieces have tobe joined together in such a manner as to ensure the requisite strength 
and effect ail the requirements of sound construction. This operation Is called rivet¬ 
ing, and although practically understood, it has not, to my knowledge, on any previous 
occasion, received that attention which the importance of the subject demands. 

Up to the present time* nothing of consequence has been done to improve or 
enhance the value of this process. We possess no facts or experiments calculated to 
establish principles sufficient to guide otir operations in effecting constructions of this 
kind, on which the lives of the public as well as the property of individuals depend. 
In feet, such has been our ignorance of the relative strength of plates and their 
riveted joints, that until the commencement of the present inquiry the subject was 
considered of Scarcely sufficient importance to merit attention. Even now, it is by 
mattyassumed that a well-riveted joint is stronger than the plate itself, and a number 
of persons, judging from appearanoes alone, concur in that opinion. Now this is a 
great mistake, and although the double thickness of the joint indicates increased 
strength, it is nevertheless much weaker than the solid plate, a circumstance of some 
importance, as we hope to show in the following experiments. 

It would probably be superfluous to offer any lengthened description of the prin¬ 
ciple upon which wrougbt-iron plates are united together; riveting is so familiar to 
every person in this country, that it might appear a work of supererogation to at¬ 
tempt it; and, assuming that the usual method of riveting by hammers to be gene¬ 
rally known, we shall proceed to describe another method by machinery which effects 
the same object in considerably less time and at less cost, and completes the union of 
the plates with much greater perfection than could possibly be done by the bahd. 
In hand-riveting it will be observed, that the tightness of the joint and the soundness 
of the work depends upon the skill and also upon the will of the workman, or those who 
undertake to form the joint and close the rivets. In the machine-riveting neither the 
will nor the hand of man has anything to do with it, the machine closes the joint and 
forms the rivet with an unerring precision, and in no instance can imperfect work be ac¬ 
complished so long as the rivets are heated to the extent compressible by the machine. 

* 1838, when these observations were written. 
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Ttua property of unvarying soundmap fo the work, constitutes the superiority of 
the machine over the band-riveting. ' The machine produces much sounder wort:, as 
tbe tSme occupied in the hand process allows the rivet to Ohot, and thus bv destroying 
itsduetHity, therivet is imperfectly dosed, and hence follow the defects of leaky rivets 
and ftnperfect joints. It is evident that an instrument, such m the riveting-machine, 
having sufficient force to compress the rivet at once, Or, within sa almost infinitely 
short period of time, must obviate, if not entirely remedy,* these evils, 00#ft fence of 
compression being marly instantaneous, the beads on both rides cannot be formed 
until the body of the rivet is squeezed tight into the hole; and in. every ease, (even 
where the boles are not exactly straight) the compressed rivets are never loose, bat 
fill the holes with the same degree of tightness as if placed directly opposite to ^eh 
other. 14 for example, we take a drcalar f briier, such as represented at 4 *, fbpe 
LV1. fig, 3, and having all the perforations made and the plates attached tp each 
other by temporary bolts and suspended over the machine in the position nssh0W D 
at A, and having, brought the holes in a line with the dip marked *, h? the machine 
then is set to work, and by means of the cam or excentiic raising the,pulley of the 
elbow-joint C, the die k is advanced against the fixed die i in the wrougbt-iron stem* 
and the rivet is compressed into the required fiprm with an increasing force ns foe foe 
advances which gives the “ nip,” or greatest pressure, at the requiredfcime, namely, 
at else closing of the rivet. tv { 

• From this description it will appear that a very limited portion of time is occupied 
in the process, and as twelve rivets can be inserted and finished by the machine in a 
minute, it follows, from the rapidity of the operation .end dm absence of hammering, 
that the ductility of the ritets is retained, and 1 bah,Subsequent contraption upon foe 
plate tenders the joint perfectly tight and tile rivets sound in every respect, linger 
ail the circumstances the> nmchioerriypfiog, is, preferable to that executed by pa 
hammer; it saves much rime aud lnhour.and that inp-oportionof 12J# l.w b eacm p - 
pared to a long series of impacts applied by the hammer., ,, , t j 

Having described rite process of uniting wrought-iron plates by rivets, it taaof 
some importance to know the value of joints tbps formed as regards their, strength 
when compared with the plates themselves- fi*$o,atfofo foikohject, and. satisfat^pnly 
to determine their powers of resistance to a tensile, strain, a great variety.of.fofotg 
wore made, and having prepared the different specimens with the utmost enresmd 
attention, they wet* submitted ta the test of experiment as follows :-rr 

* The pbm rep#e*est» the machine in the act of riveting the earner* of atajoer* cfttcOk or * todrawHve'fire¬ 
box. " ' 1 ' • l “ 1 
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VI. Strength ©friveted Pta*es.---Yorkshire Iron*. 



1 'Tam «enn it tfrerngt hotea ■ 

ttefc&te- tortt alt.' 
Rivat-boka tom ottt. 


RiveMttad* broke offend thftplii* 

KitvUkMdi crocked ecroa end 
ivet-Kotot tom out. 


• The plates used in the foregoing experiments are of Yorkshire iron, the same as 
those employed in Tables {. and II. The specimens were prepared in the same manner 
and of the same thickness, but I Inch wider at the joint. This was done hi aider to 
retain sufficient metal round the rivet-holes, making the breadth of tibe plate,tbe 
same after the rivet-holes were punched out as that of the plates torn 

preceding experiments. In all these experiments only two half-inch rivets were used 
in the breadth of the plate. The lap was however increased, .after the threhl : i|pj4' ex¬ 
periments, from 1J to 2 inches, to give greater strength Id the longitudinal of 
the plate and to prevent the metal tearing in that direction. This precaution was 

* The nature and appearance of the fractures of all die irons and their riveted joints are shoim in Plate LVII, 
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found necessary, as the metal gave indications of weakness In consequence of the lap 
being rather narrow. Another reason for enlarging the tap was adetire at the com-, 
aaencemeat to begin with the least possible quantity, and by direct experiment to 
ascertain the maximum distance which tiie plates should overlap each other in the 
joints, and to determine the strongest and best form of uniting them. To these points 
every attention was given, for the purpose of collecting the facts on which are founded 
the tabulated results on that pat t of the subject which treats of the comparative dimen¬ 
sions of rivets and extent of the lap in reference to the thickness of the plates. In this 
department of the inquiry will be found the depth of lap, diameter and length of rivets, 
and the distances of holes for nearly every description of joint; also the thickness of 
the plate, with a column of strengths as deduced from the experiments. 

If we examine the nature of the fracture in the foregoing experiments, it will be 
found that the machine-riveting is superior to that done by the hammer; the mean 
of the three first experiments being to the mean of the fourth and fifth as 5:4. iij 
the eighth and ninth the strengths are nearly the same. { 

On comparing the strength of plates with their riveted joints, it will be necessary 
to examine the sectional areas taken in a line through the rivet-holes with the section 
of the plates themselves. It is perfectly obvious, that in perforating a line of holeA 
along the edge of a plate, we must reduce its strength ; and it is also clear, that the 
plate so perforated, will be to the plate itself nearly, as the areas of their respective 
sections, with a small deduction for the irregularities of the pressure of the rivetf 
upon the plate; or iu other words, the joint will be reduced in strength somewhat 
more than the ratio of its section, through that line, to the solid section of the plate 1 , 
For example, suppose two plates, each 2 feet wide and three-eighths of an inch thick, 
to be riveted together with ten f-inch rivets. It is evident that out of 2 feet, the length 
hf the joint, the strength of the plates is reduced by perforation to the extent of 
Inches; and here the strength of the pjiates will be to that of the joint as 9:6'187| 
which is nearly the same as the respective areas of the solid plate, and that through 
the rivet-holes, namely, as 24t 10*5. From these facts it is evident that the rivetf 
cannot add to the strength of the plates, their object being to keep the two suipfhce^ 
of the lap in . contact. And being beaded on both sides, the plates are brought intq 
very close union by the contraction or cooling of the rivets after they are closed, ft 
may be said that the pressure or adhesion of the two surfaces of the plates would,a3d 
to the strength; but this is not found to be the case, to any great extent, as in aliu(>s£ J . 
every instance the experiments indicate the resistance to be in the ratio of their 
sectional areas, nr nearly so. 

If we lake“the ultimate strength of the Yorkshire plates in Tables {.and II., it will 
be found that the n$ean breaking weight of tight specimens, each with a sectional 
area of *46 inch, is 36,168, and the strength of the single joint*, of the same descrip¬ 
tion of plates wftb an area of '44 inch, is 18,591; this reduced gives the ratio of the 
* I ue the term Single joint to dwtiaguich it from the doable riveted joint, which will he treated of hereafter. 

4 T 2 
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strength as 25,030:18,591, or as 1:742, the comparative strength of a single riveted 
plate of equal area through the line of the rivets. It will be observed that in this 
comparison the areas of the sections are nearly equal, and consequently there is a 
difference in strength between the solid part of the plate and that part where the 
perforations have been made of 32 per cent. The difference is considerable, but it 
probably arises from the narrowness of the specimen and the lateral strain induced 
by the position of the rivet, and the bending upwards of the end of the plates. From 
these foots I would infer tiiat single riveting is weaker, and probably the loss of 
strength in this description of joint, including loss caused by the rivet-holes, is not 
less, under ordinary circumstances, than 40 per cent. 


Table VII. Strength of riveted Plates. 


Peacriptton of plates 
and mode of riveting. 


Weight 
laid on 
in Iba. 


Changes produced by 
weight. 


Breaking 
weight in lbs. 


Form of 


specimen ai 
of fracture. 


and mode 


*o. 


Plates 22 inches 
thick, with three ri¬ 
vets, eaeh $ inch dia¬ 
meter, ABB inches, lap 
1£ inch, area through 
rivet-holes *4125.. 


Fig. 5. 


14,839 


Bent into a 
[straight line. 


16,603 


O O 

O 

a a 
T 


The plates were sound, but two of j 
[the rivets were cut directly across, 
Rivets too weak. 


A 

j. 


^®o| » 111 


k. 


o ® 

® 

o o 


31. 


Plates the same os 
before, overlap joints 
differing from the last 

in having three rivets 

i inch diameter, form¬ 

ing an isosceles tri¬ 
angle, AB 3 inches... 


Fig. 6. 


32. 


Same as before 


18,667 

20,683 

22,027 

18,667 


22,027} 


Joint apparently! 
|&ound. 

Single rivet 
[slightly opened. 

Tbc* other two] 
rivets quite tight. 

Separation at endj 
of plate, single rivet] 
slightly opened. 


22,699] 


23,035 


Slightly drawn at 
(the rivets.. 


23,371 



With the first weight the plates 
{became bent, so as to be in a direct] 
line with the straining force. 


Tore across the two rivet-holes, 
[in the direction AB. 

With 22,027 Ilia, the single rivet 
seemed somewhat opened, but the 
other two seemed quite close. 

Plate tom across at the single 
rivet and one of the double Ones. 

Rivets sound in this and the pre¬ 
ceding experiment. 


In the first experiment the rivets (two in number) were evidently too weak, which 
caused them to shear directly across as if cut by a pair of scissors. In the next ex¬ 
periment the rivets were increased in number and size, which gave an excess of 
strength to the retaining power of the rivets and caused the plate to tear. If we take 
the mean of the experiments as respects the area of the rivets to that of the plates. 
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we find two half-incli rivets about the proportion, or the area of the rivets in the last 
experiments should have been -4 inches, which is nearly equal to the area of the plate 
through the rivet-holes*. 


Table VIII. Strength of riveted Plates. 


Description of plates Wright Changes produced by 
of and mode of riveting. ^ “ n weight. 

op* 10 (Mi 


Plates same as be¬ 
fore, *22 inch thick, 
but wider, AD being 
inches, with three 
rivets l inch diameter, 

all in a line; lap If in. 18,067 Ends of plate much 
separated by bending. 


Form of specimen and] 
mode of fracture. { 



18,667 Ends of plate sepa 
rated, joints apparently 
good. 


22,699 One plate much bent; 

joint apparently good. 
21,019 One end separated bo 
far as to exhibitthe single 
rivet. 



Though the ends of the piste* were 
much separated, the light of a candle 
coold not be seen through the line pi 
the rivets. 

Plate tom across the rivet-holes. 


Tore across the tvro rivet-holes. 


Tore across the two rivet-holes, 
where the breadth was 3} inches. 


Here the section of the rivets is to that of the plates, through the line of the rivets, 
in the ratio of ‘58 to *44 ; had they been equal, it is probable that fracture would have* 
taken place as soon by the rivets shearing as through the plates. 

During the whole of the experiments on single riveted joints, it was observed that 
the ends of the plates under strain curled upwards on each side, and produced a dia¬ 
gonal strain upon the plates, which materially reduced the strength of the joint, as 
shown at a fig. 7* 

This position gave an oblique direction to the forces, and caused the plate to break 
in some degree transversely through the rivet-holes. In order to obviate this defect, 
and prevent as much as possible a transverse strain upon the plates through the 

* Subsequent experiments made fur ascertaining the strength of rivets (vide experiments on the strength of 
rivets for the Britannia and Conway Tubular Bridges)’ fully corroborate these views, namely, that riveted joints 
exposed to a tensile strain are directly, or nearly so, as their respective areas, or in other words, the collective 
areas of the rivets are equal to the sectional area of the plate taken through the line of the rivets. 
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points in contact, the lap was increased and a third rivet introduced to keep down 
the ends of the plates. , 

The sketches in the 31st experiment, Table VII., and those in the 34th and 35th 
experiment. Table VIII., represent the form of joint, and the methods adopted for 
securing the plates in the direct line of the strain. 

On comparing the breaking weights, it will be seen that the increased lap, with a 
rivet to keep down and retain the ends of the plates, gives a considerable accession 
of strength, and exhibits several important -facts in connection with the construction 
of vessels exposed to severe pressure. But this becomes more apparent in the forth¬ 
coming experiments on the double-riveted joints. 

Table IX. Strength of riveted Plates. 



In these experiments, as in those in the preceding Table, the area of the rivets is 
in excess, and hence follows rupture through the plates. 


Table X. Strength of riveted Plates. &c. 


Description of plates Weight Changes produced bv Breaking 

« nod laid on h* fk 


and mode of meting. I®”). 01 * 
exp. ° in lha. 


weight in U*. 


38. “ Jump Joints.” ] 14,839 Beat into straighUiuc. 

Plates the same as be¬ 
fore, both riveted to 
an extra plate of the, 19,627 All sound. 


5>ame thickness laid oni 

one side of them; lap 21,601 Rivets sound; plates 23,371" 
of extra plate over! much bent, 

each cml 2 niches ; 
each plate riveted by! 
five rivets £ inch dia¬ 
meter ; A.B « 3^mcheaJ 

• Same as above.' 18,667 Bent nearly into a 

| straight line. 

j 22,699 Rivets sound; joint ap- 24,043_ 
parently good. 



Tore across the rivet-holes. 


Rivets sound after fracture. 


Tore across as before; one 
rivet-head crooked. 


The same observations will apply to these experiments as to the last; the area of 
the rivets is in excess of that of the plates. 
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The system of double riveting exhibits several remarkable properties as regards 
strength, and the plates appear to retain their position under strain much better than 
single-riveted joiuts. These circumstances have induced a comparison of the results 
of the preceding experiments with those contained in Tables VII., VIII., IX. and X. 
The experiments in Tables VII. and VIII. give indications of increased strength by a 
slight enlargement of the lap and the introduction of a single rivet to keep down the 
end of the plate. In those experiments it was found that the additional rivet gave an 
increase of 26 per cent, over those obtained from the single rivets; a circumstance 
which suggested a further extension of the experiments, accompanied with a minute 
investigation of the parts, in order to ascertain their relative strengths, and the 
strongest form of joint. 

The mean breaking weights of equal sections of single-riveted joints, as given in 
Table VI. and taken from nine experiments, are respectively as follows:— 


lbs. 

20 , 12 / 

16,107 

18,982 


[ Mean . . 


19,147J 


18,590 


giving a mean of 18,590 lbs. for the strength of single-riveted joints. Now in the 
second and third experiments, Table VII., with the rivets inserted in the shape of an 
isosceles triangle (which in fact is double riveting), and of equal sections to the speci¬ 
mens in Table VI., the mean breaking weight is 23,035, which gives an excess of 4445, 
or a ratio of 10 :8 in favour of the experiments recorded in Table VII. 

In the experiments (Table X.), the area of the section, taken through the line of the 
rivet-holes, is *44 inch, or precisely equal to the section of the specimens experimented 
upon in Table VI., in which the mean breaking weight is 18,590 lbs. In these expe¬ 
riments the breaking weight is 23,707 lbs., which is rather more than that in Table IX., 
where the material had a smaller section, but having its dimensions exactly corre¬ 
sponding with the proportions given above. It therefore follows that in plates jointed 
with single rivets, the ratio of the strength of the single rivets is to that of the double- 
riveted joints as 8 to 10, the latter being one-fourth stronger. 

It has been ascertained that it required a weight of 23,707 lbs. to tear asunder 
double-riveted plates, 3| inches wide and *22 inches thick, with a flush joint, having 
a plate on the back and held together by five f-inch rivets on each side; the quantity 
of metal between the holes, in a direct line across the plate, being *2X‘22=*44 inch, 
which is the same transverse section as those operated upon in the first Table. 

Now if we take the mean breaking weights of the riveted joints in Tables X. and 
VI. and compare them with the section of the plate itself as given in Table I., the 
areas being the same, we have for the tensile strength of plates— 


Section of iron tom asunder. lbs. 

In Table I., solid plate.'44 25,400 

In Table X., double-riveted joints .... *44 23,707 

In Table VI., single-riveted joints .... '44 18,590 
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Assuming therefore the strength of the plates to be 1000, we have— 


For the strength of plates of equal sections.1000 

For the double-riveted joints.933 

For the single-riveted joints.731 


We may safely assume these ratios as the comparative values of jointed plates of 
equal sections when acted upon by a force calculated to tear them asunder. 

The correct value of the plates, computed from a sectional area taken through the 
rivet-holes, will therefore be to their riveted joints as 100, 93 and 73, or in round 
numbers as 10, 9 and 7- 

In addition to a loss of nearly one-tenth in the double-riveted joints, and three- 
tenths in the single ones, it will be observed that the strength of the plates is still 
further reduced by the quantity of iron punched out for the rivets. 


Table XI. Single riveted Plates. 


No, 

of 

e*p. 

Description of plates 
and mode of nvoting. 

Weight 
laid oa 
in lbs. 

Changes produced by 
weight. 

Breaking 
weight 
in lbs. 

40. 

Plates same as be¬ 
fore, *22 inch thick 
with overlap joint ant 
double rivets; coun¬ 
tersunk on one side 
AB»3£ inches; five 
rivets, each £ dia¬ 
meter. 

19,675 

Plates bent in a right 
line; doubtful whether 
the joint would hold 
water . 

23,707 

41. 

Plates the same 
strength, hut different 
from the last in having 
only £-inch rivets ah 
in a line ; = ins. 

14,839 

Plates bent into a right 
line with the fixing. 

16,351 

42. 

Same as last, ex¬ 
cept in not having the 
rivet-holes counter¬ 
sunk; lap 14 inch; 
All—3^ inches . 

14,839 

Joint sound. 

16,351 


>f spectre 
motif of imeture. 


o 

Q 

O O 1 


rig. h. 

ol 


I 

—T 

A 

030 " 

J 

.... V 

a 

► 0 


© 

0 

• 0 




By the word countersunk is under¬ 
stood a conical recess on one side of] 
the plate to receive the head of the 
rivet, in order that it might not pro¬ 
ject beyond the surface of the plate. 


Tore across the three rivet-holes. 


In an unsuccessful experiment 
made before this upon plates precisely 
the same, and riveted in the same 
manner, they were torn across the 
rivet-holes in attempting to lay on 
18,60711*. 

Plates tore across the rivet-holes. 


All the rivets on one side were cut 

jin two in the middle, and the plates 

sound. 


jlt’ft s 


The results in the two last experiments, in the above Table, are identical as to 
strength. In the first, with the countersunk rivets, the plates were torn asunder, and 
in the latter the rivets appear the weakest, owing to the increased sectional area of the 
plates, which in the preceding experiment was reduced by countersinking the rivets. 

In both experiments it will be observed that the strengths of the rivets are propor¬ 
tional to the strengths of the plates, their powers of resistance being equal, or nearly 
so. In forty-one experiments the sectional area of the rivets was to that of the plates 
as *340 to *347, that is, the sections were nearly equal; and in forty-two experiments 
as *34 to *44, which accounts for the nature of the fracture in both cases. 
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Table XII. Strength of riveted Plates. 


Description m ptart** 
Rad mode of riveting. 


Weight 
bud on 
ialbe. 


Changes produced by 
weight. 


weight 


I re*king 
ght in lbs. 


Form of specimen and 
mode of fracture. 


43. 


44. 


Plate* the tame as 
before, their edge* 
brought into contact, 

and each plate riveted 

by three rivets f of 

an inch diameter, to a 
plate on each tide of 
the joint, each ex¬ 
ternal plate being half 
the thickness of the 

internal, or a little 

thicker; AB«*3£ ins. 

[Plate same as last ...I 


19,879 


Sound; no altera- 
Itiou. 


Fig. 12. 


24,715 


25,723 

21,355 



Si 













o o 
o o 




Both ride plates were torn across, 
and two of the rivets cut off. The sum 
of the thickness of the side {dates was 
*24 inch, the middle plates being *22 
inch thick. 


The middle plates were left sound. 

Second experiment broken as before, 
Ithe two outside plates torn off; all the 
rest sound. 


45. 


Same as the last expe¬ 
riment, having thicker) 
plates outside, each* 

being -15 inch thick. 


Fig. 12 a. 


23,371 


Joint good 


24,715 


46. 


47 


Differing from the 
last only in having five 
rivets to each plate in 
double rows instead of 
three rivet* £ diame¬ 
ter; AB«=>3£ inches... 
Same as the last 


23,371 


Joint sound. 


25,387 

23,371 

24,715 


[Joint sound.. 

Slightly altered 
point good . 


26,059 

27,403 


§ . 



Middle plate tom straight across the 

[rivet-holes. 

AU the rivets and both plates left 
hound. 


Both outside plates tom across at 
[the three rivets. 


Outer plate Bound ; torn across the 
[two rivet-holes. 

Rivets sound; inner {date only tom. 


When the comparative merits of plates and their riveted joints were under consi¬ 
deration, it appeared desirable to repeat several of the experiments, particularly those; 
which seemed to throw light upon their relative powers of resistance. I considered 
these experiments to be of importance, as they increased our knowledge, as respects 
the strength of the material, and also its properties in combination. 

In ship-building these objects are of some value, as any reduction in the powers or 
parts of a vessel by imperfect construction, or misapplied material, might lead to 
serious error and even great risk to the safety of the ship. 

Since the first use of iron for these objects, it has been the practice to countersink 
the heads of the rivets in order to present a smooth surface for the passage of the 
vessel through the water. This practice is in general use at my works at MiilwaiL, 
and I believe the same methods are pursued at the establishment of Messrs. John 
Laird and Co., and others in different parts of the country. The introduction of this 
system of riveting caused a further extension of the experiments, in order to elucidate 
the various forms of joints given in the preceding Tables, and further to investigate 
the strength of the joint with a plate riveted on each side, which appears to be the 
strongest and best calculated to resist a tensile strain. This description of joint is 
seldom used in ship-building, but in order to render the experiments as perfect as 
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possible, it will be necessary to consider it in this paper with others of equal import¬ 
ance and probably of more general use. 

The system of countersinking the rivets is only used when smooth surfaces are re¬ 
quired ; under other circumstances their introduction would not be desirable, as they 
do not add to the strength of the joint, but to a certain extent reduce it. This re¬ 
duction is not observable in the experiments, but the simple fact of sinking the head 
of the rivet into the plate and cutting out a greater portion of metal, must of necessity 
1 essen its strength, and render it weaker than the plain joint with raised heads. This 
must appear evident from the fact of the sectional area of the plate being diminished, 
and the consequent reduction of the heads of the rivets, which in this state are less 
able to sustain the effects of an oblique or transverse strain. 

It is, however, satisfactory to observe that countersinking the heads of the rivets 
does not seriously injure the joint in its powers of resistance to a direct tensile force; 
but the rivets are liable to start when exposed to collisions or a strong impinging 
force, such as the sides of ships are frequently doomed to encounter. 

On referring to experiments (Table XI.), the same results as to strength are ob¬ 
tained with the countersunk rivets as those with rounded heads; they are rather 
under the mean of the former experiments, but not more than is easily accounted for 
by the reduced section of the countersunk plates. 

The joint with plates, riveted on each side, is seldom used, a circumstance which 
probably arises from its greater complexity of form and the danger which a treble 
thickness of plate would be subject to if used in boilers or vessels exposed to the ac¬ 
tion of intense heat. It is also inadmissible in ship-building, as the smooth surface 
requires to be maintained, and the greatest care observed in the formation of the outer 
sheathing to lessen the resistance of every part of the hull immersed in the w y ater. In 
other respects the double-riveted plate is a strong joint, and in every case, where 
great strength is required, it may be used with perfect safety. 

It will be unnecessary to go through a further comparison of the experiments, as 
sufficient data have already been furnished to enable us to calculate the force per 
square inch, and to resolve the whole into a general summary exhibiting the relative 
strengths—1st, of the plates; 2ndly, of the single- and double-riveted joints; and 
lastly, the ratio of the strengths as deduced from the whole series of experiments. 
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General summary of Results as obtained from the foregoing Experiments. 



Cohesive strength of 
plates. Breaking 
weight in lbs. per 
square inch. 

Strength of single- 
riveted joints of equal 
section to the plates, 
taken through the line 
of rivets. Breaking 
weight in lbs. per 
square inch. 

Strength of double- 
riveted joint* of equal 
section to the plates, 
taken through the line 
of rivets. Breaking 
weight in lbs. per 
square inch. 


57,724 

45,743 

52,352 


61,579 

36,606 

48,821 

58,286 


58,322 

43,141 


50,983 

43,515 

54,594 


51,130 

40,249 

44,715 

37,161 

53,879 


49,281 

43,805 

47,062 

53,879 

[SByfi 

52,486 

41,590 

53,635 


The relative strengths will therefore be,— 


For the plate.1000 

Double-riveted joint.1021 

Single-riveted joint.791 


From the above, it will be seen that the single-riveted joints have lost one-fifth of 
the actual strength of the plates, whilst the double-riveted have retained their resist¬ 
ing powers unimpaired. These are important and convincing proofs of the superior 
value of the double joint, and in all cases where strength is required this description 
of joint should never be omitted. 

On referring to the experiments contained in the separate tables, there will be 
found a striking coincidence in the facts tending to establish the principle of double 
riveting as superior in every respect to the general practice now in use of the single 
rivets. It appears, when plates are riveted in this manner, that the strength of the 
joints is to the strength of the plates of equal sections of metal as the numbers,— 

1000 : 1021 and 791 * 

In a former analysis it was 1000 : 933 and 731, 

which gives us a mean of 1000 : 977 and 761 

which in practice we may safely assume as the correct value of each. Exclusive of 
this difference, we must however deduct 30 per cent, for the loss of metal actually 
punched out for the reception of the rivets, and the absolute strength of the plates 
will then be, to that of the riveted joints, as the numbers 100, 68 and 46. In some 
cases, where the rivets are wider apart, the loss sustained is however not so great; 

* The cause of the increase of strength in the double-riycted plates may be attributed to the riveted speci¬ 
mens being made from the best iron, whereas the mean strength of the plates is taken from all the irons expe¬ 
rimented upon, some of inferior quality, which will account for the high value of the double-riveted joint. In 
ordinary cases and in practice it will therefore be safer to take the mean of the whole* viz.— 


Strength of plates. 100 

Strength of double-riveting. 97 

And of single-riveting. 76 


4 u 2 














700 


ME. FAIRBAIRN’S EXPERIMENTAL INQUIRY 


but in boilers and similar vessels, where the rivets require to be close to each other, 
the edges of the plates are weakened to’that extent. In this estimate we must however 
take into consideration the circumstances under which the results were obtained, as 
only two or three rivets came within the reach of experiment: and again, looking at 
the increase of strength which might be gained by having a greater number of rivets 
in combination, and the adhesion of the two surfaces of the plates in contact, which 
in the compressed rivets by machine is considerable, we may fairly assume the follow- 
ing relative strengths as the value of plates with their riveted joints:— 


Taking the strength of the plate at.100 

The strength of the double-riveted joint would then be . . 70 

And the strength of the single-riveted joint.56 


These proportions may therefore in practice be safely taken as nearly the standard 
value of joints, such as used in vessels where they are required to be steam- or water¬ 
tight, and subjected to pressure varying from 10 to 100 lbs. upon the square inch. 

Since the above was written, I have ascertained, on a recent visit to Bristol, that the 
large steam-ship* now building there is double-riveted, the plates being three-fourths 
of an inch thick over the bottom and bilge, and five-eighths thick up to the water¬ 
line. These plates are joined together with double rivets of 1 inch diameter, and in¬ 
serted at distances of 3 inches apart. The proportions appear to be good ; and con¬ 
ceiving the workmanship to be equally so, I should infer that this fine vessel would 
fairly establish the principle, that iron, in all the ramifications of ship-building, is 
an article of paramount importance to the war as well as to the mercantile navy. 

In the pursuit of the foregoing inquiry, I was naturally led to the consideration of 
the best proportions and best forms of riveting plates together. I investigated this 
subject with great care, and from my own personal knowledge and that of others, 
I have collected a number of practical facts, such as long experience alone could 
furnish. From these data I have been enabled to complete the following Table, 
which for practical use I have found highly valuable in proportioning the distances 
and strength-of rivets in joints requiring to be steam- or water-tight. 


Table exhibiting the strongest forms and best proportions of riveted joints as deduced 
from the experiments and actual practice. 


ThicVnesB of 
plates in inches. 

Diameter of 
rivets in inches. 

Length of rivets 
from the head in 
inches. 

Distance of rivets 
from centre to 
centre in inches. 

Quantity of lap j q uanti(v 0 f Up in doublc-rifeted 
’‘“inch™ “j jotou to incite.. 

•19=A 
■*#** 
•31= A 

•75=« 

•381 

•50 

•63 

•7SJ 

•*»! 

•94 

M3j 

■ 8 

h 

•88" 

M3 

1*38 

1- 63 

2- 25 

2- 75 

3- 25 

-V 

C?’ 

I 

r 6 

r 5 

b 

1-251 R 
i-5o y 

1*88 J 

2*00} 5-5 
2*25 j 

2*75 >4*5 
j 3*25 j 

l or the double-riveted jdint, 
add two-thirds of the depth of the 
single lap. 


* The Great Britain Bteam-ship. 
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The figures 2, 1*5, 4*5, 6, 5, &c. in the preceding Table are multipliers for the dia¬ 
meter, length and distance of rivets, also for the quantity of lap allowed for the 
single and double joints. These multipliers may be considered as proportionals of 
the thicknesses of the plates to the diameter, length, distance of rivets, &c. For ex* 
ample, suppose we take three-eighth plates and required the proportionate parts of 
the strongest form of joint, it will be— 

*375 X 2 = *7^0 diameter of rivet, f inch. 

*375X4^=1*688 length of rivet, if inch. 

*375X5 =1*875 distance between rivets, If inch. 

•375 X 5| =2*063 quantity of lap, 2 inches. 

*375X5^=3*438 quantity of lap for double joints, 3J inches. 

*75, 1*68, 1*87, 2*06 and 3*43 are therefore the proportionate quantities necessary to 
form the strongest steam- or water-tight joints on plates three-eighths of an inch 
thick. 

In the preceding pages I have endeavoured to investigate almost every circum¬ 
stance having a practical bearing on the question of the strength of rolled plates, and 
the best methods of uniting them together. In conclusion, I would venture a few 
remarks on the value and judicious use of this material, in its adaptation to ship¬ 
building, and other purposes to which it may be successfully applied. It is not my 
intention to enter into the question as to whether wood or iron be the preferable 
material, as a number of circumstances, such as cost, durability, &c., must be con¬ 
sidered in order to form a correct decision. 

I would however observe, that in ship-building alone, it appears from the facts 
already recorded, that iron is very superior in its powers of resistance to strain; it is 
highly ductile in its character, and easily moulded into any required form without 
impairing its strength. It is also stronger in combination than timber, arising from 
the nature of the construction, and the materials composing the iron ship become 
a homogeneous mass when united together, forming as it were a solid, without 
joints, and presenting as a whole the most formidable powers of resistance*. These 
are some of the properties which appear to distinguish iron from other materials, and 
which give it an ascendency of combined action, which cannot be obtained in the 
union of timber however ingeniously contrived. It moreover possesses the property 
of lightness along with strength ; in fact, its buoyancy, strength and durability con¬ 
stitute the elements of its utility in the innumerable cases to which it may be applied. 
In ship-building it possesses other advantages over timber. Its hull is free from the 

* Since the above was written we have had many examples of the enormous strength of iron ships, and 
amongst others we may instance an iron vessel which took the ground with nearly one-half of her length at the 
stem banging over a shelf for a whole tide; another, the Vanguard iron steamer, which for several hours 
(under the action of a heavy surf) was beating upon sharp shelving rocks without going to pieces; and lastly, 
the Great Britain steam-ship, which was stranded in Dundrum Bay, and resisted the force of the winter storms 
for many months. 
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risk of , fins; and in case of shipwreck, either on rooks or sand-banks, it will resist 
the heaviest sea, endure the severest concussion, and with proper attention to the 
construction, it may he toe means of saving the lives of all on board. It moreover has 
the advantage of bulkheads, which, made perfectly water-tight, not only strengthen 
the vessel, bat give greater security to it, and by a judicious [arrangement in the 
divisions will float the ship under the adverse circumstance of a leak occurring in any 
one of the compartments, ’these are the qualities and powers of the iron ship; and 
I trust the present research into the strength and proportions of the material of which 
it is composed, will not only give increased confidence in its security, but will lead 
to an extension of its application in every branch of marine and mechanical archi¬ 
tecture. 


PART III. 

Resistance of fVrought-iron Plates to Pressure by a Blunt Instrument at right angles 

to the surface of the Plate. 

Irrespective of the experiments made to determine the strength of wrought-iron 
plates and the relative strength of the joints by which they are united, the investiga¬ 
tion would be incomplete if we omitted another inquiry of equal importance, namely, 
the resistance offered by plates to a crushing force, such as exhibited in the injuries 
received by vessels when stranded on rocks or taking the ground in harbours where 
the surfaces are uneven. 

Almost every person connected with nautical affairs is acquainted with the nature 
of the injuries received by timber-built vessels when placed in circumstances affect¬ 
ing their stability, or when resting on hard and unequal ground, such as frequently 
occurs in tidal harbours at low water. Such a position is attended with danger under 
every circumstance; and in order to determine the relative values of the two mate¬ 
rials, wood and iron, it was considered desirable to institute a similar class of experi¬ 
ments on both, and thus to afford the means of comparison between them. English 
oak, as the strongest and best material used for the construction of first class vessels, 
was selected for this purpose, and the results obtained from both are given, under 
circumstances as nearly similar as the nature of the experiment would admit. They 
are as follows. 

In each of the experiments the plate was fastened upon a frame of cast iron, 1 foot 
square inside and 1 foot 6 inches outside, its breadth being 3 inches and thickness 
half an inch. The sides of the plates, when hot, were twisted round the frame, to 
which they were firmly bolted. The contraction, by cooling, caused it to be very 
tight, and the force to burst it was applied in the centre. This was tome in order 
that toe force might in some degree resemble that from a stone or other body with 
a blunt end pressing against the side or bottom of a vessel; a bolt of iron, terminating 
in a hemisphere 3 inches in diameter, had thus its rounded end pressed perpen¬ 
dicularly to the plate in the middle. The results are given in the following Tables. 
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Tabu XIII. Experiments to determine the Resistance m f Thttesof brought Iron 
to a force tending to bnrst them. 


Ho 

0*p. 

Description of plates. 

Weight 
laid on 
in the 

Permanent 
indentation 
of plate. 


I. 

Plate of the best Staffordshire iron 
4 inch thick. 

8,617 
%m 
a, 166 
um 

18,789 

inch. 

*3 

•35 

•5 

* *6 

7 

Plate not cracked. 

Plate not cracked. 

Crack on convex side 8 inchea loaf. 

Crack on convex side 9 inches long; not opened on concave aide. 
Hate through the plate about ty inch long, and <4 lech wide. 


Plate of the tame iron and the same 

9,863 

n>m 

11,445 

13,789 

16,477 

17,821 
19,769 

■25 

•84 

*4 

•47 

■6 

•65 

Double crack on convex side 1 inch long. 

Double crack increased. 

Form of crack on convex side (£ inch wide). 

Not cracked through. 

Cracked through. 

8. 

Plate of the tame iron | Inch thick. 

18,588 

81,075 

28,787 

854123 

89,059 

38,195 

35,331 

36,899 

37,519 

*33 

•45 

•60 

•75 

•80 

*97 

MO 

i 

No crack. 

Incipient crack on convex bide. 

Crack above-mentioned 4 inches long, forming a cross. 

Crack above, 6 inches long. 

Crack above, £ inch wide. 

No crack on concave side. 

Plate cracked through. 

<• 

Plate same as the last. 

21,219 

21,985 

27,708 

31,796 

83,431 

35,066 

36,701 

37,988 

‘•*35 

•47 

7 

•75 

•83 

•97 

No crack. 

Slight crock on convex side. 

Form of crack on convex side. 

Form of crack increased. 

Form of crock 4 inches deep. 

Not cracked through. 

Cracked through. 


In Plate LVIII. figs. 13 and 14, will be found representations of the fractures of 
the plates experimented upon in this Table. 

From the above we obtain the strength of plates to resist rupture from pressure 
from a blunt body, or a ball 3 inches diameter. 

lbs. Mean. 

In experiment 1, a plate one-fomth of an inch thick was burst by 13,785)1 

In experiment 2, a plate one-fourth of an inch thick was burst by 19,769 j * 

In experiment 3, a plate half an inch thick was burst by . . . 37,5191 

In experiment 4, a plate half an inch thick was burst by . . . 37,928 J * 

Here the strengths are as the depths, a half-inch plate requiring double the weight 
to produce fracture that had previously burst the quarter of an inch plate. In the 
succeeding experiments on oak timber, the powers of resistance follow the ratio of 
the squares of the depth, so that a wrought-iron plate of only one-quarter of an inch 
thick is able to resist a force equal to that required in the rupture of a 3-inch plank. 

The experiments were made upon good English oak, of different thicknesses, and 
of the same width as the iron plates. The specimens were laid upon solid planks, 
. 1$ i nches asgnder, and by the same apparatus the rounded end ef the 3-inch pin was 
foieed «• follows f 
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ResistBiBce «f planks of, timber ^p^be./tPVvmo? of a bsil, 3,mqt>es .diametmfi ,tbe 
plaofc# btsng laidnpon pix>ps ,19 i»c^as^up4Bc j ti^e object of the experiments being 
to burst them by preseinga pin, terminated by,a boraj^phetaeal end,.,3 inches dia¬ 
meter, through the centre,of,the plank, an wae done, «?>fh the plates of iron, i i 

' ,M " ' *•* Table HW. . . 


I 

TkiiliAWi !ib iLhl * 1 kf * 

nucnpiMiw |HHi 

fflssi 

' ' 1* > tthmik», > '*'1 

1. 

English oak, very dry and good, Ilf inches 
broad, and 2} inches deep. 

17,235 

Ipdfistataob' ifirem hamfepbei* 4 inch deep f-wood otlser^wse 

uninjured. 

Hole through the middle, 3 inches diameter nearly broke out, 
all Sheerest remaining sound. 

2. 

English oak, rather greerf, 8 inches tread, 
3 inches deep. * } 

1 

It bore 18,941 lbs. about ten minutes, and then exploded with 
violence, dividing into three parts, the middle one on which the 
pin rested beige about an men thick at the top, and fr an inch at 
the bottom. With a ton less weight there was 4 crack under the 
plank in the centre, and an indentation by the pm & inch deep on 
the upper side. Sap was driven out from the ends on the side 
nearest to the hawt. 


Englfeh oak plank, and dimensions same as in 
last exppunfetit. 

12,443 

16,925 

Sap driven out as in last experiment; plank without crack; in¬ 
dentation by the pressure about i ineh. 

The plank split with bearing the presence about ten minutes. 


English oak fro in same plank as m experiment 
i and $; breadth 8 inches, depth U inch. 

4,532 

The plank broke by splitting. 

t 


4,280 

Broke by splitting diagonally. 


Taking’ the resnits of the fonr last experiments, which were on pieces from the 
same plattfk, we obtain— ’* " ""M < 

> lb*. ! . r 

I Strength from planks 3 incites thick .... 18,94! | , ( 

Strength from planks 3 incites thick .... 16,925 J 
Strength from planks inch thick .... 4,532") 

Strength front planks J | inch thick .... 4,280 J ” 

Here the strength to,resist crushing follows the ratio of the square of the dnp^> as 
is found tp be thg case in the transverse fracture of rectangular bodies of cqusfapt 
breadth apd span. t , , t 

Jf we compare the foregoing results with the experiments performed by -Mr. Up, oo- 
kin son on timber, it \vjjl he found that the strength of dry English, .oak to rgsis^a 
crushing force i§,4'24 tons to the square inch, whereas wrought iron,, according to 
Rondelet, requires a pressure of ahopt 31 tons per squat £ incl», and with tins Vfmgjit 
it is reduced about one-sixteenth of its length. The resistance of \vepHg|^(^f!Pn,^! a 
crushing force,is therefore about seveu and a quarter, times greater than that,: 
and according to the experiments in, the preceding Table, it appear? .tb#f 
ance of wrought-iron plates to a force calculated to b.m^, thepi, follp^a 
law to that of oak, the resistance of the former beiqg t)ir,ccl;jy hS.fhh ^epth^p^Mhffh 6 
latter as the squareof the depth. Reasoning from these it,i^ 
knhw that in the ufce of timber, such .as the oak sheathing >qf,$if«, 
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ternal pressure increases in the ratio of the squares of its thickness; and, where great 
strength is required, it will be necessary, in the construction of vessels, to consider 
the nature of the service and the required thickness of the planks. 

The same remarks will apply to vessels constructed of iron, computed from the 
formula deduced from the experiments. In a table of experimental results by Mr. 
Hougkinson we have the mean force per square inch required for crushing timber of 
different kinds; and assuming Rondelbt's experiments, which give 70,000 lbs. as the 
resistance per square inch of wrought iron, to be correct, we then have as the ratio 
of their respective powers of resistance as follows :— 

Table XV. 


Specific gravities. 

Description of 
timber used. 

Resistance per 
square inch. 

Resistance of 
wrought iron per 
square inch. 

Ratio, the wood 
representing 
unity. 

7*700 

0*560 

Wrought iron . 

Yellow pine. 

IbB. 

5375 

lbs. 

70,000 

70,000 

1 : 13*02 

0*540 

Cedar . 

5674 

70,000 

1 : 12*33 

0*580 

Ked deal . 

5748 

70,000 

1 : 12*16 

0*640 

Birch . 

6402 

70,000 

1 : 10*93 

0*660 

Sycamore. 

7082 

70,000 

1 : 9*88 

0*753 

Spanish mahogany ... 

8198 

70,000 

1 : 8*53 

0*780 

Ash . 

8683 

70,000 

1 : 8*06 

0*700 

Dry English oak. 

1)509 

70,000 

1 : 7*36 

0*<)80 

(Box .;. 

1)771 

70,000 

1 : 7*16 


In addition to the relative resisting forces of the different kinds of timber above 
enumerated, will be found the specific gravities of each, which enables the reader to 
determine the comparative weights as well as strength of the different kinds of wood. 


PART IV. 

In the preceding researches I have endeavoured to determine the value of iron 
chiefly in reference to its application for the purposes of ship-building. It now only 
remains to determine the best form and condition of another part of the structure, 
namely, the frames and ribs of vessels, also composed of iron. Some of the forms ex¬ 
perimented upon indicate weakness, but certain modifications which have since been 
introduced, have given increased support to the bilge and sides of the ship, and greater 
powers of resistance to the outer sheathing. The beam shown at fig. 19, Plate LVIII., 
is probably one of the strongest and most suitable for the support of the decks, but it is 
inadmissible as a frame for receiving the exterior sheathing plates. These frames are 
generally formed of a plate with angle-irons along the edges on both sides, of which 
the annexed sketch are sections, a, a, &c. 
represents a portion of the outside plates; 
i, b the angle-iron frames or ribs, which 
vary from 18 to 24 inches asunder, ac¬ 
cording to the position in the direction 
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of the length of the ship; c 9 c, angle-iron of the same strength is riveted along the 
edge of each rib for the purpose of stiffening the sides of the ship and giving in¬ 
creased resistance to those parts, also to receive interior plates, some of which, in 
large vessels, are riveted diagonally to the interior angle-irons c, c, &c., forming 
stringers and braces from the kelsons round the bilge to the upper decks. 

Other kinds of frames might be used with double Fig. 16. 

angle-iron, as shown at d , d, &e. in the annexed 
sketch, but they are more expensive, and from 
the increased complexity of construction, the 
extra strength obtained does not compensate for 
the difference of cost. Altogether, the frames recorded in fig. 15 have come into 
general use as the most effective and easy of construction. Those experimented upon 
were of different kinds, as shown in Plate LVIII. fig. 1/, 18, &c., and in sections given 
in the Tables, and from which the following results were obtained :— 

Table XVI. Experiments to ascertain the strengths of uniform wrought-iron beams 
of different forms to support the sides and other parts of vessels, the beams having 
their ends placed upon props and being loaded in the middle. 



Description wwl form of the beam. 


Beam formed from two 2 J angle-irons,] 
riveted together with rivets 6 inches,: 
asunder, and a plate a i inch thick- 
riveted to the hack, with rivets 4> 
inches asunder. Distance between the 
supports 7 feet, and whole length 7 feet 
6 inches, its weight being 1011 lbs. 
v* •*. Thickness. 

® <vTl AB —5 inches, 

gg ftgrltfr* CD^2‘0 inchea 
‘fj ~ ftg — H b aa *=• *5 inch. 

Sg bb ** '56 inch. 

•= . UT ec =- *64 inch. 

° B ee *= *25 inch. 

The part C was downwards during the 
experiment, the weight being laid upon 
the part D. 

The beam last used, cut In two; di-| 4,039 
stance between supports 2 feet 3 inches ;l 5,3K3 
vertical rib downwards, that it might; 6,055 
be stretched as before; weight of 31 6,72? 
feet 9 inches =.54 lbs. 7,399 


The^er half of the beam (exp. \M <4,039 
cut in two. Distance lietween the sun- 5,383 
ports 2 feet 3 inches; weight of 3 (m 0iO$5 
9 inches — 55 lbs.; vertical rib upwards 6,727 
thus, jL that fracture might take plat* I 
by the compression of that rib. 6,071 


i | ]lri-u.Vu>£ 

J wnirlit of 

i Deflretiou* ( thr Immmi 
with , i>t 7 U\'t 
weight*. J hetwern 
I the rap* 

j , port*. 



1 

Oak 

j Weight of 

«>t 1 VV»-*erh1 of 

' thr Iximt 


, <>f 7 h'rt 

oak tx'tmia ! ot 7 lei-t Ib-tuark*. 

• l> irirhot 

ut equal 1 ♦» 

j 

<itr<*iiifth J h.nK ami 


with tlu- aptotic 


iron otic, jjrrai it\ fpiO 



The weight 3355 lbs. 
*as laid on at once, end 1 
the beam almost iimnedi- ■ 
ately sunk with it; a 
weight something less | 
I would have done it. 


With 7735 lbs. it sunk, 
by stretching and tearing 

at a rivet-hide. - 



1 - 

; - ! 

| 

, 

i' ' 

1', 

* 


3458 

109 

3*6692 

39*44 

With I0,759lli«. llntnk; 
the vertical rib becoming 
twisted. 
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All the beams experimented upon in the foregoing Table are shown in view and in 
section, Plate LVIIL figs. 17 and 18. In the first experiment the beam was 7 feet 
between the supports, but having yielded to the first weight, 3355 lbs., laid on, it was 
subsequently cut in two, as shown in the drawings above referred to. In experi¬ 
ment 2, it will be observed that a frame of this form is weak, arising from the de¬ 
ficiency of material on the lower side of the rib formed by angle-iron, which, yielding 
to a tensile strain, becomes elongated in the act of bending, and would thus deflect 
through a considerable space before actual fracture took place. Reversing the other 
part of the beam with the broad flange downwards it carried more weight, but ulti¬ 
mately sunk under a load of 10,759 lbs., being in the ratio of 10: 7 in favour of the 
beam with the rib upwards. 

These experiments, when reduced to 7 feet between the supports, gave nearly tbe 
same proportion, viz. nearly as 34 : 24. They are however all weak, arising almost 
exclusively from want of material on the top edge of the ribs, and a due proportion in 
the construction of the beam. 


Table XVII. Experiments on W rough t-iron Beams (continued). 


No. 

of 

«*!•• 

! 

! Weight 

Description and form of the beam. ; laid on 

| middle. 

j 

i 

Breaking 

1 weigh! of 
Deflection* ! the Warn 
with ihew ’ of 7 feet 
n eights. ‘ between 
j the »up- 
i ports. 

1 

Weight of 
the Warn 
of 7 teet 

6 mrhen 
long. 

Oak h 

Sole of 
square of 
oak Ijearm 
of equal 
strength 

■with the 
iron one. 

cam*. 

Weight of 
such beams 
ot 7 feet 

6 inches 
long and 
specific 
gravity !MX). 

Remark*. 

4. 

Beam (1'tifering from that in exp. 1 
only in bang of greater strength, this 
beam being formed of two3>iuch angle- 
irons, riveted as before, to a plate a 
j-jiu'h tlmk. Distance between the 
supports 7 feet; weight of the beam 
7 feet 6 inches long, 1674 lbs.; ver¬ 
tical rib downwards 

lbs. 

3,355 

4,711 

3,3H3 

5,719 

6,055 

6,391 

6,7*7 

7,063 

7,399 

■40 

•62 

■82 

•98 

M2 

1-30 

1-87 

1- 92 

2- 29 
3*25 

lb*. 

7399 

lbs. 

1675 

inches. 

4*7281 

Ills. 

65*49 


5. 

Half the beam used in exp. 4, now 
11 feet 9 inches long, and weighing 82| 
lbs. Distance bet ween supports 3 feet 
6 inches; vertical rib downwards. 

4,039 

7,399 

10,759 

11,431 

12,103 

12,4391 

085 
0-25 
0-43 
0*53 
0-65 
broke at 
a rivet - 
hole. 

j-6219 

1675 

4*462 



G. 

The other half of the beam in exp. 4, 
weighing 85lbs.; length 3feet 6inches. 
Distance between tho supports 2 feet 
3 inches; rib upwards J_. 

| 8,304 
12,392 
16,480 

18,1 IS | 

012 

024 

075 

sunk,the 
vertical 
rib being 
twisted. 


l 

1675 





The whole of the experiments herein recorded are of the same description as tb<| 
llist, with the exception of the beam being composed of thicker angle-iron, and consei 
quently rendered much stiffer and stronger than those first experimented upon. Thi4 
increased stiffness reversed the resisting powers of the beam, when taken at a 7-feet 
t 4x2 i 
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span, in the iwtMM>£« :5in ftkvoarof-tbe fifM positiott witdB-the rib/dawnwterds. 
of these beams see Hate LVIII. fig-. 18... 


For 


Table XVIII. Experiments on Wrought-iron Beams (continued). 


N o?’ 

exp. 

Description and form of thebeam. 

Weight, 
laid on 
middle. 

Dritectioos 
with these 
weights. 

Breaking 
weight of 
the beam 
of 7 feet 
between 
the sup- 
port*. 

Weight of 
the beam 
at 7 feet 
. 4 inches 
long. 1 

Oak beams. 

. r . 

Side of 
sauaranf 
oak t>ettin» 
of etjual, 

with IS 

iron woe. 

Weight of 

a^tc^ hnai|tw 

of 7 feet 

■as 

gka^r£«0 

ftcmvks. 

■>>,- . I » 1 

> 1 ’ 'J. > b ' ' * J , 

!f 

' fju 

,'tt 

Vi 

- ( j< *; 

/Solid wropght-iron beam, 4 feet 
£ipchealwig, weighing 831bs., place* 
upon props 4 feet wander; vertical 
pypraedt, 

, and dimeiuion of section. 

» t ,,,i , , A v, , Thickness at 

( . . fgl n , « - |4 

d rf - -86 

v gfejSSOfeBP AB~2«50 

CD-285 

lbs. 

1394 
< 1932 
2470 
2739 
3008 

•135 

•94 

•59 

•90 

135 

lbs. 

f ; 

1790 

lba. 

41-4 

inches. 

2-9461 

'a*./ 

26-43 

J ■ < .4* • -?l 

■ , • 1 | 

. *«<>* “ 

«, j .... A> 

, mm****** 

timty was entirely destroy¬ 
ed, and a like additional 
weight would have de¬ 
stroyed the form of the 
beam. 

rr 

if it 

,v 

" Same bwm" rendered straight, and 
turned tfitht its/ribdojwniwirds *y; 

lino . t < t *. Dit; -urn ' *r 

1394 

\m 

2470 

9739 

.3008 

3142 

17 

•66 

' <1^92*. ' 
2-20 
sunk 

1870 

41-4 

29894 

26 18 

I.-}. ■ .. . n 

Mi-;-, - ,.i 

9. 

Solid beatri, r tWitt6 feitota* before ; 
length U^iiinch ; weight 25* lbs. 
Distance between supports 4 feet ; rib 
upwards thus. See fig. to experiment 7. 

Thickness at 
• - S* 

i *. « -so 

M if » *40 

e M... a .A n ~^ 

AB=»5N)5 
» CD »= 2*95 

K *1394 ' 
1932 
1523 
2201 

1 2335} 
in a few j 
tninuteaj 

‘*•80 ' 1 
•86 
119 
1*59 
2U 

2 13 

n .> 

1334 

37*6 

2-671 

1 

ID, ^ 

After bearing the weight, 
2335 lba., it had taken a 
permanent set, or flexure 
mJ‘ 71 inch, and would 
have sunk more if it had 
not been unloaded. 

10. 

Same beam rendered straight and 
turned upside down thus T". Distance 
between supports 4 feet. 1 

1394 
1932 
3201 
2335 1 
in ami- > 
nute J 
2469 

•27 

•51 

1-01 

157 

1-60 

2-. r dK 

1411 

37 6 

i 

27215 

i 

1 

21-78 

After bearing 2469 lbs. 

!t wAsfifiloadcd,** a tittle 
iddit^nk^t^glit would 


The experiments in this Table were made on solid T iron, and indifsfttebearly the 
sune proportions, as respects tbeir strength, as the beams eomposed tof a plate and 
t onblc angle-iron riveted together. The whole of these beams appear to be defectivej 
i-i form, and are therefore noti calculated to sustain a severe transverse strain. 1V> 
a train the section of greatest strength, it is probable a different form would be rei 
(uired.as welt as a differentproportioivof the parts, such as in the annexed figure with 

a ;r 


{ * Since the experiments herein recorded were made, iothere have been instituted on some deck-beams L 
Mr: KemowT of Metm. Bury, Cuanij and Kennedy, Liverpool, the particulars of which are inserted ia the 
ApiffiBliMi . . ! ! 
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Tamw»?KJX. Experinrentfroo Wrought^! ron Beams (continued). 



Deacriptiofl nod form of the beam. 


Beam of wrought iron, formed of 
two ban (nearly equal), whose section 
is riveted together ; length of the beam 
4feet * inches; its weight 44 lbs. 5 os. 
Distance between the supports 4 feet. 
Dimensions of section. 
AB«*2’86.inehes. f 

Mean thickness of CfZ2l~JK3X) 
AB» *33 inch* U 

EF~3‘?0 inches. f| 



\ The above is probably the strongest form of beam, if duly proportioned, by^adapt- 
Jng the material to a balance of the two opposing forces of extension and compress 


Table XX. Experiments on Wrought-iron Beams (continued)* 


td Description and form of the beam. 

exp. 


Weight Deflection* 
laid on with tbeae 
middle. weights. 


Ream of wrought iron composed of 4,216 
an uniform vertical rih (7 inches deep 3,304 
and 7 feet 6 inches long) with two 2-uich 16,480 
angle-irons riveted to both top and 18,667 
bottom of the rih; rivets 4 inches 22,027 
asunder; weight of beam 1611 lbs. in five 
Distance between the supports 7 feet, minute* 
Dimensions of section. 24,376 

CI)*7,inchah f, 

At)» 4 5 inches. 

E? «*> 4’5 inches. Jr 

Mean thickness of I 

'in ,AB*SgMl. > I . 

£F - 30 inch. jjrJI 
J’kSeLH -. ^. 1 ), . .. . • 



? 7 feet 
inchca 
tong and 
with the l apceitic 
iron one. gravity SWO 




With the weight 24,375 
lbs. the top ribs of 1 the 
beam became twisted. 
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This experiment shows the superior quality of wrought-iron beams ingiviug timely 
notice before fracture; it further exhibits weakness on the top sides of the beams, a 
circumstance requiring great attention In their construction, which in some recent 
experiments, instituted for attaining the section of greatest strength, have been 
strikingly developed*. 

In the preceding experiments, we have endeavoured to compare the strengths, as 
well as the weights of the beams or frames which form the ribs of ships. As regards 
the strengths with equal weights, it is in favour of oak; but the circumstance of 
the fastenings by rivets in the sheathing being so much superior to those of timber, 
the iron ship-builder is enabled to dispense with one-half the number of frames, 
and consequently a great reduction of weight is effected and more strength obtained 
in the vessel as a whole, than could possibly be accomplished in the timber^buiH 
ship, however ingenious the construction or the arrangement and distribution of the 
material. Tbe very act of caulking the joints of a wooden vessel has a tendency to 
loosen the fastenings, whereas, in the iron ship, there are no actual joints, for the whole 
being bound together en masse, the same, or nearly the same, strength is obtained as 
if the whole ship were composed of solid plates and ribs. 

The best sectional form of beams for the decks of ships is probably that exhi¬ 
bited in Table XX., which, along with the box beam of the annexed form 
for supporting the shafts and paddle-boxes of steamers, is that generally 
used in the construction of vessels of this description. Other forms have 
been adopted, particularly those suggested by Mr. Kennedy of Liver¬ 
pool, alluded to in the Appendix. 

Having carefully investigated the different properties of wrought iron in its varied 
forms of construction, and conceiving that the results obtained from the experiments 
may be useful in a variety of circumstances connected with the useful arts, I have 
endeavoured to collect them in the abstract, in order that the practical builder and 
engineer may the more readily ascertain the comparative value of the different forms 
of beams, the properties of the material, and their adaptation to any particular Con¬ 
struction in which he may be engaged. Should further information be required, we 
must then refer to the experiments, in which will be found the facts more in detail, 
and which are probably better calculated to satisfy the inquiring mind and to effect 
that conviction essential to success. 

I have not attempted any inquiry into the laws of oxidation, the adhesion of bar¬ 
nacles and marine vegetation, and the means necessary tb prevent such evils. This 
is a subject which does not come within the province 6t the present inquiry, and 
more properly belongs to that of the chemist. I would however briefly notice, that 
in the whole of my experience I have had little to compkia of from the effects of 
oxidation, as that destructive process, as regards iron, appears to be greatly mitigated, 
if not alfliost suspended, by constant use, and under tbe influence of vibratory action 
the operation appears toibe rendered nugatory, if it does not entirely cease, aodthat 


r~ 
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under circumstances exceedingly difficult to explain. This is an investigation not 
unworthy the attention of some of our best chemists, to whom the causes may tie 
known, but which are at present, as far as I know, unaccounted for. For example, 
I may mention that an iron ship, if kept constantly in use, or nearly so, will last 
for a number of years exposed to ail the changes of weather and temperature without 
any sensible appearance of decay. The same may be said of iron-rails, over whSch 
are passing daily sticb enormous weights, and at such velocities as almost to neu¬ 
tralize the action of the elements. All these are striking examples of the durability 
of wrought iron, which may be considered as an important element*of its security, 
and a recommendation for its extended application. There is another circumstance 
in connection with this subject to which it may be necessary in this place to advert,, 
and that is the effect which a long continuance in salt water has upon the hull of an 
iron ship. It is well known that a long immersion of cast iron in the sea will con¬ 
vert it into plumbago, and that a similar process with malleable iron, frOtn its contact 
with the saline particles of the ocean, produces oxidation; and in case the immersions 
were long continued, the effects of this destructive process might endanger the safety 
of the ship. As yet we have not had sufficient evidence of its effects to enable us to 
come to any definite conclusion, but it is not improbable that an occasional visit to 
harbours of fresh water may mitigate, if it does not entirely neutralize, the inju* 
rious effects which the material is likely to sustain. With these observations, which 
I offer with diffidence, I now beg to direct attention to the abstracts as deduced from 


the experiments. 

Abstract of Results as obtained from the experiments.. 


:<* ’ 




•. H 


In Part I. of this inquiry we have endeavoured to show that 50,000lbs. per square 
incb : ip the mean breaking weight of iron plates, whether torn, asunder in-thedireo* 
tion of,the fihre or across it; and we have also shown that the. tensile: stneagthiJif 
different kinds of timber drawn in the direction of the fibre varies, in *> given ratio !** 
that of iron: the timber .in this comparison being represented byuHity,we have.the 
following ratio of strength:*— 

■ . ' >• i.i„ ■ : : •, ... TiabwV Iroa. 


, , ,,^»h at, Wt-i- .si,,' *. 

Teak as .... 1 .t 3’33.. i /.!*>•> si.a■ 

., IS . .. . I( $ir.as i,,.„*} •»».) 1 >*•! 4’ifii.iM 

>u ,! ,,, Beepbm ,. m .T. If.;- 4 ‘#4. a •!.,<(.1..- 

... ^ nwf U 1 mi 1 m r-H.U I-,-.,.:,,- .«■ - 

, These, for practical purpose^ may >be taken ins a fair meaeore of: the Strength of the 


di ffer ent woods as compared with.Shatof iroa plates. 1 . ... . 4/ . v t) t t<> < ■' 

t |t has bee* ! shown that wwmgbt-iroa -plates? when riveted together,, ioee. a const* 
derahle portion of their strengths as may be seem by the experirtwots ip Pert IV., where 
tbe pbtes, by their unioa with each i other,’ lose by the ordinary i prqqess of riveting 
44 percent,andbytbe best mode of rivetwg 30 per e*nt.,bThi» .should.*®* however 
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create serious alarm, as the loss of strength is almost entirely obviated by the new pro¬ 
cess of riveting nsed in the bottom of the Britannia and Conway Tubular Bridges 4 *; 
and it should also be observed that in timber the same injuries are sustained by 
splicing or any other method of forming the joints as are here exhibited in the rivet¬ 
ing of iron plates. The two processes, that of riveting (according to the method 
used in the experiments) and splicing, when intended to resist a tensile strain, must 
therefore be considered analogous, and the comparison under such circumstances will 
nearly follow the same law as regards a diminution of strength. 

In this section of the inquiry the results obtained from the experiments indicate a 
loss in the joints as compared with the solid plate, as the numbers 100, 70 and 


56, viz.— 

For the solid plate.100 

For the double-riveted joint. 70 

For the single-riveted joint.56 


which numbers may be considered as a fair average value of the strengths of the 
different parts of vessels constructed in this manner. 

Part V. exhibits the strength of plates to resist vertical pressure from a blunt in¬ 
strument, which was forced through them for the purpose of ascertaining their com¬ 
parative powers of resistance with oak timber, placed under circumstances precisely 
similar and subjected to the same force. The results are interesting, as the iron 
plates appear to follow a different law in their resistance to pressure to that of oak, 
the strength being as the depth or thickness of the plates in the first case, and as 
the squares of the depth in the second. The resistances are therefore in the ratio of 
1:12, the iron being 12 times stronger than oak. 

In Part IV. we have some curious facts illustrative of the necessity and value of ex¬ 
perimental research. In the earlier experiments of the inquiry it is evident, that angle 
and T iron beams or frames are not the best, as regards form, to resist a transverse 
strain. In every case they are weak, and although exceedingly useful, and in fact 
indispensable for many purposes of construction, they are nevertheless not calculated 
to resist strain in the form of beams or girders. These defects I have endeavoured to 
obviate by the introduction of beams with double flanges formed of a body plate and 
riveted angle-irons at the top and bottom. All these latter constructions may how¬ 
ever be left with safety to the practical engineer-J*. 

The strengths of nearly the whole of these beams have been mathematically inves¬ 
tigated by Mr. Tate, to whose friendship and analytical research I am indebted for 
the annexed mathematical inquiry into the different forms of the wrought-iron beams 
which have been experimented upon. To the mathematician this part of the subject 
will be the more interesting, as the utmost care has been observed in the measurements 

* See my process of chain-riveting as exhibited in the lower aides of the Britannia and Conway Tubular 
Bridges, where the injuries above enumerated are entirely obviated. 

t For a more elaborate inquiry into the strengths of wrought-iron beams, see my work da the Britannia 
and Conway Bridges. 
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aod lexaot pnopoi^iioBtvtrfj tbetpM’ts^tni (Order! ttnobtafe ibti necessary (formula top «aj- 
ciriatmg^estrenltlivtif/bealriB'and&auuwliofthlgidescfiptwjaii ^ in* ,.i. 

v'U! * *hoji?! .?*:;*> ,ni l VldttU i '{» ImW b't/'T'.MOO kJ OKU. f O >, 

r " PdMutM' te;AtlVS ! TO the tEamS 1 hf• '■»■■ 

: *4i«< /*dt M$ „!<tfO'K»Vt v t w „.nl *■>/»! t< * 1l i*U ^ «*7/1 OflT .ftOllilq **-'«" , ,i» 

it Wmumw>4» - »*. 

! t /Let AM be ^ ■ woli w of, ft ibeaHt fcapjg a single Aaopb. ABM rnjbtemf'i f ‘ 

the material being symmetrical^, with irepect.tft,0q a for>t^ 

WiwIiJwe M«>< Let !wi en4MP.bfipa*‘i#el tftA^i«^r^4j: | ( , ;,i 

paralleltoJ^F,, fffS-tl'rritA >4: ^n m< v / ut «*»! 

BA-=Ag=f„Ea=Brf=# J , Fe=Fn=< 3 , area section ABce»//g=A, I I / Ajv 

and the distance of the centre of gravity of this seqtion fcom.the,:] I / 
edge ne=X. ./•••.-.'•.. ..,if —c 

’’ Tojind the PositibW'tif 'thh'Nhutrdl Atfix. * 

Assuming 1 Hie material tri be perfectly dhsticVthdnteiltral axW WiW be in the? cfeittfc 
<»f gravity of the section. Hence' wdhave, by balculatifig the ttfOrtients With respbbi 
to thefineDPI, ..- •'■ - •«’ '-’I-.. • f ' ;‘i 


■■V A = -- r - rrrg„ ■•,! ~ .-- ’: .t.-th.f ?,) 

Which express&S'the distance of the nbhtrfclfeticis froth the edge »e, Where ' ! ‘ Ml! ' 9I *t 

A«^^^(e I -i t )+(/;+/.)’(e-i/)tM ,, V • • .* yvV , : , 7. , « , u , )J 

;o ,f * ■ .. * { vi;*‘wi ff't'r si* ,V{ : I 

y ' " '• T 0 fi„fi fte Jfftitibfjs^Rapture: 1 /l , ' f '* 

l!*t I = tKe moment of inertia of the section’aboiit the neutral axis. ” U Ili ,ff, | f M t 
*' 1,= the pioment of inertia of the section atout M ' mi.jd mu< ,,i '* 

W= the breaking weight of the beam. A ‘ ' lw ' n "' ,i 

/= the distance between the supports. ( 

l+ ’ - * ’ ? ' > 1 * * 1 1 j v i. ik'jJ ’’ • u .'V tw ,*;i u>[ Mi t tii »'t 

the, force .per square inch of t;he material opposed to extension or com- 

*•<:*. it; ^ • *■ (* ‘n\ * t;■ tl! 'Utjifo'r-1 11 #•* >iM .tl 

pressjion, as the case may be, at the thin edge of the beam. 

tLU'L o*fi ' J ,v, x 1 - o<' i ''(in > t.'u i!/ “r .«ji* m i uni* »*')* ni* Jit i 

Taking DC as the axis,— . t , 

» ^ . a T>r>T\ c\ i loOiucm-'Hti *\ >u;< U>t *nt »**vn 

I.ss moment inertia ABCD —2 moment inertia rC&c —2 moment inertia erc~ 2 

O' /’l*' 1 ^ ‘ M' *•#?» rM i" >vi f ii# ,*Knl// ‘ttii o t/i'Hl M» *{} t’mm Jffi *J t 1 I 

H,...hn, ^U n ,e« mT .,1/ vd iv, T «j*i• 

^;tj^ewy*J^5|-ill!) :wH *»ini nii/}r.n \i\ o rivMVtdiJun lr)/'*ritm 'jiii 
>;l« b» t'n’.q ,n-‘ »m 0;m •*»{.} »>'l nuqn n«r»d 

-oruirn Llvtito rMtu >fii **t» t \\iuit* c n^hn won ><Jr lir^ 


... ..«,,inowRt,iftfiitut ;; erf^, ig (tyrtiffixT\&\ :i// M. an W*vi'•itimUi It* -jm “O 11 

J ’ 71 -jiuf j'hd*i ** ‘U; f'lrtjfiit •rj f ivu^a .< 

.ru'ithn'^U ,3i WOfljent jaertjftrCiiss: —t t ) }. 


« yu'*fj,b$ fcrti. 


MDCCCL* 
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Substituting these values and reducing, vsfind i n/oi.. II : hi hh> >•><)/ > u! 
I,—| [4ee?-(e 1 -/,)‘(e-< s )-(e~<)(f,-#;H^< I( )*+(«,~/,)(2e 1 -# 1 -#,)}].. . (3.) 
Also (Moseley's Engineering, p. 82) we harp ,, n , 

I=I,"»AX\ . <> < . 1 U !%' »> t { .i t i >1 U * * (4.) 

Moreover, by the formula Of rupture, - 1 1 

)< >», , « 1 81’ t . ~ ■ ('■>>, in « ,»t' > jnilf 

i. i • i , > • v I A 1 Xf t » » ,ii . > - > \ / 

. K- WlX ’ *' 

• • 41 • * , * i r • • * 5 • n \ • , *, |V(/| 1 ff’> 

Taking the data of TabhrXVi., wehave -- 

e=2 5, e,=2'6, #= 32, #,=-33, #,±='25, #,='42; , , 

therefore, by equation (2.), 

A=('32+'25)(2'6 r '42)+('35-f-'42)(2'5-'32)+2X'32X'42=3'I9] 

By equation (1.), 

X= { 3 X 2'5 X 2'6 4 - (2'6 - '42)*(7'5 - '64 ~ '23) - (2'5 - 32) 
ii. < ’ X(*42-'35)(7'8~'84—'35)}*&x3rl»=l'9l, 
which Is thedisfartce of the neutral axis from the edge ne of the beam. 1 
By equation (9.), < 

, I,f=re i> X 2'5 X 2'6 S - (2'6—'42) s (2'5 - '23) - (2'5 - '32)(2'6- 35) 

X {(2'6—*35)*+ (2*8- '42)(5'2- '35—'42)}]=13*375. 

By equation (4.), 1 * 

1 I=13'875 —3*19 X 1*9 l*=l'73&. 

By'equation (5.), 

,, 1-91 .. „ r , 1<91 , 1 

S—W/X 4xlr788 ,bs ’~ W ^ X 18568* 0np * - ,, I 


In experiment l, W=3409, /=7k 12=184; 


3409 x«4x 1*91 


> * 


i r<? 


IMffl-=35 tons. 


<p r 




> a 


Let X,— the distance 6t the neutral axis from the edges Aft, and S,== the force 
[tel*'square inch opposed 1 th’extension or compression, as the case may bej at the edge 
AB, theh ’ 11 1 1 ’’ 1 ‘ ' * * * * * 


and 

n .1 ! 


‘ , Xj±=2'6— 1*91—‘69, ’ 

V' X^ 6 '69X 35 u > " 

• S, “ X ‘ S— ' 4*91■ - 1 tons. 

i ln experiment a, *W=±7735+18=7753, and f=27, * 

. > ^ , 77<» x27X1*91 '• ' „ 

'■< ' ®r 1 155(58 


) i S 


x t if at 

< f i 1 1 i h» ♦ 

i * 4 i»t 

r »i » » 1 n * 

/ iht'lr S,i 
* 1 tn ^ >ji|* 1 ul 1 u 


and 


* *69 x 25*6 „ 0 

&,= — s= 9*3 tons. 

1 i * vr t ‘rr> j i i is » 


■MJt J ’it'll l i Of Iji ) 



iNT<y mm ior * #ft(W©HT-ti*ow plates. 


m 


In experiment 8, urn; «r*uii.v .<"<>• i 


V . 


.^^ JO?77^ 27^.1 - 91 _ 3sto& ^; 


i 


and S,= 12*6tonii. ’■ .. 

'Taking the data of Table XVIII., experimente'7 and 8, > 

*=1*425, e,=2*5, <=*2, £,=*36* jt,=*4, .tgrtt’slS. /<i . >»=-.••!' 
Hence we find from equation (2.), A= 1*762; from equation (1.), X=l*86, and 
.*. X,=2*5 —1*86=*64 ; from equation (3.), I,=6*943; and from equations (4.) and 
(5.), S=W/x *00021 tons. / -> 

In experiment 7, W=3008+l 1=3019, Z=48, 

.*. S=3019 X 48 X *00021 =30*4 tOns, >*• »' * ^ 1 

and 10*4 tons. 

In experiment 8, W=3142x 11=3153, /=48, 

.*. S=3153X48X 00021=31*7 tons, 

^ „ -64x31*7 _ ■•■ >...!).'> -If 

and S,=— 1 = 10*9tons. , 


Observations .—The value of 8 determined from experiment 1, is the resistance of 
the material to extension, whereas the value of, S determined from experiment 3,-is 
the resistance to compression. Hence it appears, that in beams of this form and 
thickness of plates the resistance to extension is equal to that of compression. The 
same observation applies to the values of S determined from experiments 7 and 8; 
and the same law also holds true for experiments $ and 10. 

These calculations further show, that the material in these beams is not properly 
distributed, for while the thin ride, of the beam is about to undergo rupture, the 
broad side has not attained one-balf of the tension or compression, aatbe,case/Way 
be, which it is capable of sustaining. - t (i 

It will also be observed, that the resistance of the material at the thin side, as in¬ 
dicated by these calculations, is greater than what it wouidbe under ordinary circum¬ 
stances, viz. about 25 tons per square inch. This apparent discrepancy may be ex¬ 
plained as follows:—as a beam of wrought iron approaches the limit of tension it un¬ 
dergoes,^ accelerated rate of elongation, even vphile the c,phe$tyn of tlj»e matprip.1 (re¬ 
mains up^mpajred*. Now this unusual extension, of tjiq particles, in the lowest; laqaipge 
(in a beam having a single fianch placed upwards) allows a succession of partiqlqs 
in the higher laminae to come into full tensile,strain, so that the particles at the lower 
edge of the beam apparently attain a tensile strain greater than they would have 
under ordinary circumstances. And it may be presumed, that a similar law obtains 
in reference to the compression-of w nought-iron beams. Hence it.foUowa, that'all 
calculations which assume the tensile or. compressive forces, in beams of this form, 
at the edges of the beam equafio what they are under ordinary circumstances, must 
lead to erroneous results. M „„ . ,,, ' , ; *' , ✓ 

* See remark! on experiment 2, p. 720. 
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MR* FAIRBAIRN’S EXPERIMENTAL INQUIRY 


Deflections when the flanch is 
upwards, 
inch. 

*43 

Deflections when the flanch is 
downwards, 
inch. 

*26 

*68 

•34 

*88 

*47 

•66 

•59 

1-22 

•90 

2*20 

1*35 


It may be further worthy of remark, that experiments 2 and 3, 8 and 7> show that 
when the flanches of the beams are placed upwards the deflections are considerably 
greater than what they are when the flanches are placed downwards; thus in expe¬ 
riments 2 and 3, we have 

Weight on the beams. 1 Deflections when the flanch is | Deflections when the flanch is 


672/ 

7399 

and in experiments 8 and 7> 
2470 
2739 

3008 ! 


Beams with a Double Flanch . 

Let ABFE be a section of a beam having two flanches AB ba and EF/e formed by 

angle-irons riveted to a vertical plate CD, the material a _c_ * 

being symmetrically distributed with respect to the ver- a- ..4 

tical line CD. Let O be the neutral axjs, and KVG a 

line passing through the centre V of the vertical line 7 * 

CD parallel to AB or EF. Put A= the area of the sec¬ 
tion of the material, A,= area ABFE or 2 area ABGK, k - Y —-c, 

A 2 =2 area mjsi, A 3 =2 area jgbG, a. 2 =2 area mjqv, ® 

a 3 =2 areajptc/G, D,=:GB=GF, D,=.j/, D 3 =5G, - vH 

rf 3 =yG, X=OV, 1,= moment of inertia about KG, 1= j 

moment of inertia about O, W= the breaking upon the * M * 

centre of the beam, /= the distance of the supports, r. d t 

S, S,= the resistance of the material per square inch at the edges EF and AB re¬ 
spectively. 

To find the Neutral Axis. 

Taking KG as the axis of moments, 

A x X=A„D,+A a D»— afi, - afi,), 

. ^ A a P a -f A 3 D 3 — j 


where 


- Aj*“ Aji - " - A3 “■ ffj"™ flj. 


To find the Moments of Rupture, Sfc. 

Taking the moments of inertia with respect to the line KG, 

I,= moment inertia ABFE—2 moment inertia space bgsiqf 

=g(A,D!-A0)S-A s D*-M;-a,rf;). 







INTO THE STRENGTH OF WROUGHT-! HON PLATES. 
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1=1,—AX*. 

• (9-) 


c , W/(D,-X) 

8 41 . 

(10.) 

and 

W - 4SI . 

W HP.-*). • . 

(11.) 

If 

A 2 , tt 3 =A 3 , 


theft 

x=o, i,=i, 


and 

I = A,DJ— 2 A,DJ —2 A,D*|, 



W/D, 

• 41 



3 W/D] 

( 12 .) 


4{A,D?-2A 2 D:j-2A 3 Dj}. 

and 

w_48(A,DJ—2A,D5—2A S DJ) 

“ 3/D, “ " *. 

(13.) 

which expresses the breaking weight when S is given. 


Let D,, D, } A, A,, 

... &c. be the corresponding dimensions of a beam 

in ail 

respects similar, and let 

r be the ratio of the linear dimensions, then 


D',=rD,, &c., A' 

=r*A„ &c., A^rX, =— r 3 A,D S , &c., A',D',*=r 4 A,D?, &c. 


By equation ( 6 .), 



V ' mmm A 2 D 3 -f" AjjDj ~ (1^(1 3 

A 2A f 



__ r s A^D 4 + r 8 A H D. s —r 3 ^—r 3 *?/, 

~ 2 r*A 

_ v A S D S —A 3 D 3 —<r s rf,—agrfg 

— rx 2 A 



—rxX. 


By equation ( 8 .), 

l',=i|A;D!- AiD'*-AiD?-o^?-a;d?} 



By equation (11.), 


W'= 


=/•< x ^|a,d;—A,DJ—A a D5—a,dj— 
=r 4 xl,. 

481 ' 


/ , (d;-x') 

48x^1 

=^D^rX) 

. 481 

=^ x i(I5^T) 

=r-xW. . 


(14.) 
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i8 t ,CHS<BltiAK|NPi>WV10B1IS JN I UMUtAfc NLU«ft MB :90'B*CH'4)t«BR'A» THaiOQUiitKS 
O^nfifU U««i 5 WKARJDnM 6 NWONflr . ,.i ('«:'<! «»»*» Wl r». v'tii* UBiltCI »»v>tnil'Hj /0 m 
Tbemetbodof demonstration here used in establishingf this; impoitaatftbeovekri 
mayheappliadtoiaoy Other farm ofbearo. t'-nU )■-. ■.n-.tr.f -m»j i-> •> i.rr. iHib ">i!t ■mn'i 
, When the seetianstof the beams are, similar, bat the distance between theisa^poiitfe 
any quantity h&VO' ,-mh Itmoit-i * uST 'to (ii'iuuip u ill*« 

> lisU'i**' !•> •iiiti *. yh» ! U1 ; 

h‘ 

Suppose W in equation (11.) to be determined by experiment, then we are at 
liberty to sMume 


W=- 

■ ,11 . . ■ | ,,| ft ■ • ‘ ■ t 'i 1 . tit'll J/ if 'f f ,t‘tt(e ‘f i J*- '? f ! w ' I ,*l! ' t.j/. t 

where d is the depth the .beam, andC acoostant determined by tfye ,1% 

i?tion. ,, , t ,, J I .' ... 1 1 : ■!',,, t r,, ‘t , ' f. . I / > To 

''Frompquation (U.), .. 0 ^'=»fW. 

,v,‘. i .i .■'! • . sar*.^yS - • .. 1 1 

... "■ ' '' r*A ,rd.C ' ' " ' 

.(i i , »Jf. r < i ,-f ■ t { f (V <, U. ,*T TTTjJTll >< }< i‘T • * i • 1 r 

. ,) e, '■ ft _AW V* ' '■' 1 -< '■ ;i ' • 

< u: >'"*•' •• ; •■»*.•» 5 ;- h%i * 

That i8, THE BREAKING WEIGHTS IN BEAMS ARE POUND BY MULTIPLYING TOGETHER THE 
AREA OP THE SECTION, THE DEPTH, AND A CONSTANT DETERMINED FROM EXPERIMENT ON 
BEAI^OP-^m-PAimeUiiAH-POfHtf^ AN» 1»mDim THIS P R Ot W€ THSY“T4tE^tWflTANCE^YIETiro E N 


l ’ 


Ml / I'- 

, -i *<{ "■ * *• ; i* 


THE ^UPPORTS 


rwnjn 


m 

By 

By 


and 

In 

and 


The value of I in this formula is not restricted to the condition of similarity. ; 
In experiment 18* j 

D 1 =3-5,D s =1^76»D»=3'22,d;=l-37fi,d;a=3'2,W=34380-HM)as24460, /=84, 
A, =4 ox7s=3I-5, A,=J-375X'28X2=7, A,=3’22 X1 845 X 2== 11 ‘88 1 8, . j 
«,p 1-375 X-3 X 2=75, aj=3-2X 1-825X2== 11 68, ' ' ‘ ' 

A;=A,—A s —A,—af 1 —a > =32'5—25*01 =6’48, 

1 y equation (6.), X=-0811. 
equation (8.), I,=46782. 

equation (9.), I=46782^6-48X*06H , =46758. 

equation (10.), ; 

,, 24460 x 84(3'5—-P611) * _ , 

^ 4 H 46*758 X 2240 fcl ^ t0DS nearl 7’ 

nearly! •' 

experiithent 13, W=217)^+8O=218O0 hitarly. 


U 

1 

5 

i 

i/ 
j i 


i ;?• 


c? _ 2I8Wx^4(3»5^ P6U) <_ # * i *l ■ » 

Si— . 4'^467854 x 2|40 T" * 5 <4> on8 > 

c_21800X 84(3-5 — 10611) _ j_('t**e 

- a - ~ - 4 x 4 fl ; r a94 - Xt2< 0- g ~ i & t0 a 8 ‘- 


.tt 




INTOf JIIDS) «rRBtOGTW. XW ’ WROtTBOTMB*>8fl PUA*TE8. 7# 

- -TimvaLxes <rf.SmBd>8/jj^eteiwinirid»ji ti»e»0^alcBtetiort«s^tig' i Je8«f(rt“«he b&stri 
in experiment IS than they are for the beam in expcriwiCM 1<2; i#frflo Ws 1 that' the 
latter has! a;better disfiribtrtidB ; of *the material than the 'fowneii Arid at the s&bie 
time the difference of the value of these constants is so nrt&tt ao ttr lead ns to infer 
thaeitbe'fortn ofthebenmia texperimCnt 1$ approaches to that 1 of maximum strength 
with a given quantity of material. The sectional areas of the topaatfbotttdAfljwches 
are tp each other as 28 : 30 or 14 : 15, which is very pearly a ratio of equality. 


, n*'»ai« > f ;}.* 


// 


') t ?'* \i ! f' r 


APPENDIX. 


Experiments by Thomas Loyd, Esq., Inspector of Machinery, to ascertain the effect 
of a tefrsile strain updhbai*s bfwroit^htirdn tinder vkried conditions. Twenty pieces, 
of 1|SC^ bar iron, each 10 feet long, were cut out of the middle of twenty rmjsjof 
iron. These 10-feet lengths were cut into two parts o/^ feet each, and marked with 
the same letter. A, B, C, &c. were first broken so as to get the average breaking 
strain. A“, BJ, CJ were subjected to the constant action of three-fourths of the break¬ 
ing weight for five minutes. The load was then taken off, and they were afterwards 
broken. It will be seen that the breaking strain ^yas about the same as before, thus 
prbving that the previous strain had not weakened them. 
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Experiment 1. 


f Vint. f 

Second. j 

Marie on 
the bars. 

Dimensions 
of the bars. 

Breaking 

weight 
in tons. 

Ultimate i 

elongation 
of liar in 
inches. 

' / 

Mark on 
the bars. 

Dimensions 
of the bars. 

Breaking 
weight 
in tons. 

. - 1;. , ) > 

Ultimate elongation of bars in 
inches with tPO*,; / J 

„ U —» 

A. 

1 1*37 , 

33*75 

9*12 

A 2. 

.. 

33*75 

1-&6 

B. 

1-37 

" 30*00 

9*12 

B 2. 


03*00 

1-61 * ‘ 

c. 

1*37 

33*25 

9*75 

C 2. 

• • • 

. 33*25 

,. «1*56| 1 - 

D. 

1-37 

32*75 

9-22 

D 2. 


32*25 

♦ W5, t 

E. 

1-37 

32-50 

9-22 

E‘2.' 


32-56 

' ' i 1*75? * “ 

F 

1-37 

33*25 

10-50 

F 2. 


33*00, 

.■ / , • ■ / 1 

G. 

1-37 

32-75 

8-50 

G 2. 


33-00 

l*6l 

H. 

1-37 

33*25 

10-61 

H 2. 


-33*^50 1 

. t 1*6© ' 

1. 

1-37 

33*50 

a-37 

J,*,, 


-Wgi 

- f 1 “ jlSZ t ♦»!>’. 

J. 

1*37 

33*50 

9*22 

H. 


33*2o 

1*67 1 

K. 

1-37 

32*25 

8*00 

K 2. 


32*50 

i ; lt06i U.tqri 

L. 

1*37 

32*25 

7*50 

L 2.,« 

•«*W , J 


2*00 

M 

1*37 

30*23 

002 

M 2, , 


.32*75 

Broke mark 1*75 in s. c. 

N. 

* u » 
1*37 

34*25 

9*22 

I N 2. ’ 

‘ ‘*?*5** 

1 34-00 

M2 

O. 

1*37 

31*75 

7*61 

O 2. 

i 

3?-60 . 

- r 1*75 

P. 

1*37 

29-75 

10*00 

P 2. 


31-00 

1*75 

a 

R. 

1*37 

1*37 

33*50 

33*75 

9*22 

9-7*’ 

St 

< *♦•*<«),- 

, 8$*7$' 
83-73 

• n 

S. 

1*37 

33*00 

9*12 

. S 2. '■ 

’...... 

88-23 

M2 

T. 

1*37 

32*25 

:i > 1 8*75 



>31-00 

2*10 

Mean ... 


32-87 

9*09 

-,L, 


* t* .W V * • 

v 3*81 

.■ 1-6* 

s: r. 















.aa-rMR MmBHKRt&.iHKwnuiVNQBiiWT/1 


vao 


to lai4hc^r9tat«tRmns sf.tbieiexperinifeiite 4tguiil bodobseMtedi that! the tfboeauisqBiwid 
m WWu , »~nm arches .wm.tvmts 


oi'fui) r.j -jru, f i jj ii*s —4«? t H! * mu <n .uj'i) r t u »»* ... , .^ , v - mi in 

In the second column the mean of the elongations, with a" strain of 25 tons, was only 
1‘6 inch, whereas the ultimate breaking strain was 32‘8 ll t!6Hk, "eVMfeirtiy SBtHHrijjfwi 
iitfe&s^teafl trf •strAn^tH ’ftofh HW ^r^iMis 4tmt*bFWm$ to 

which they^s^al^ v *' !>,n ' !,i,u •«*“» *•**»'»«* l 
Experiments made in the testing*macbine of Woolwich Dockyard to ascertain the 
effect upon iron-bolt staves or iron^barsuto «|>idnsile strain. The following results 


sho\ 

iron 

as in the first experiment, If tbs of bn inch diameter S C 

■ ... >*-i: ,, ■ . mi rn ; “ iM * 

Experfittfeht 2.' j •*" J ' ■ ’" l - j 

aes of 

Dii 


First breakage. 

, SeoPBd breakage. ", 

i Third babakag*.; ; 

_ L _A 

Fouittf* breakage. 

Re 

fro 

ueed 

11*37 

0 

" ■* 

3WT 

rTT7 

[> Tons. 

a 

Stretch in 
36 incites. 

• a ! 

; tom; 

r-■»r. j 

, 24 ktchei. 

T »w 

1 — 1 — 

Stretch in * 
15 inches J 

.|._. 


.a. 


in. 


in. '' M ' 


• j iii:'' '*• j 

r y.h: 

ii 

i 

— 

. 


c. 

E. 

F. 

G. 

33-75 

32-5 

33*25 

32*75 

9*250 

9*250 

10*500 

, ?vy*t>. 

35*25 
34*75 
35*50 
..35*QQ 

-£“| 

1*25 

uj&i _ 

_, 

37-00 

; 'sf-ss 
37-3 ] 

1*00 I 
•62 j 

38*75 

*40 
_*41- 


1 

1 

Lj 

I 


H. 

L 

J. 

L. 

M. 

33*75 

33*50 

33*50 

3WMW: 
30*25 

10*625 

8*375 

9*250 

Defective 

Defective 

36-j&5 

34-50 

36-00 

36-50 

36-50 

mi 

*62 

*25 

1*5 

• 62 '" | 

... 

'36-5 

36- 75 

; 37-7A ■! 

37- 75 

. . ..... . . 

1*50 
1*120 ! 

"•06 1 

41-75 

88-50 

1 ,'. ■ 

•06,. 

1 

gg 

ipppmn 

32*92 


35-57 


37-21 


40-16" 

*.»4 M? 

r"".a 


•24 


■ 

3S 

) 23*94 

ij 


25-86;' 

■ '• i ,;i 

--;1 


■.. 

•fit'if 

r i 

29f20u \ 

...: lull 

■ .4! 

.M 

: .a 


*90 

Th 

: ~n : TTT77 riTT f —r-, 71 

5 results of the above experiments are highly interesting, as they not ! bnl; 

con- 


withstanding the reduced sectional area of the Ipars. These interesting facts are of 
considerable value, as they show that a severfe tensile strain is not injurious to the 
beari even wjhon repeated to the extenroFfoiur time i. In 

nnniitlnn tMnm m AS K A am^ t A ♦ An f Kn MCI nn/1 /litnirlO f A ♦ At m Ilf m la 1 4> aI* uk»ani 


practjci 
ance 
be a 
the tij 
It 

forced 
long 

length 


^ * u ■ " . *. * 

:e it may not be prudent to test bars and chains to their utmost limit resist¬ 
'd is however satisfactory tokoowthatin cases of emergency those Hinii 3 may 
iproached without incurring serious risk of injury to th e ultim ate -staeu gth of 
aterial. - ( -!‘j ' / 

1 further important to observe^.tbat thg elongations air^ not injSroporfjton to the 
of extension; thukin tfie barF, experiment % the elongation of a ban54: nches 
With 33-25 tans, is 10 5 inched, giving an elongatibaper mj$ of d^igl t and 

005ET~whereasr^h additlonaT weigFt of 2 ; 25ntoni~proc[uce8 an 

5. .J i.fJHH/ 


.10,'5, 
= 33-25 x 54 : 
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INTO THE STRENGTH OF WROUGHT-1RON PLATES, 
elongation of 1*86 inch in 36 inches length of bar, giving an elongation per unit of 
weight and length=2~25 x36^' 01 ^4; that is, the elongation in this latter case is about 
three times that in the former. 

Experiments made to ascertain whether a shorter bar of iron is stronger than a 
longer one of the same kind and size, lfths of an inch diameter, SC 


Experiment 3. 


Length between the nippers 10 feet. | 

Distin¬ 

guishing 

merit. 

Stretch 
in 10 feet 

Breaking 

strain. 

Mean. 

Reduced at 
fracture. 

To else¬ 
where. 

Remarks. 


in. 

tons. 


tons. 

in. 

in. 



1. 

86-00 

33*00 

" 


1 

1*25 

1 


n 

86-75 

31-75 




1*18 



II 

86-85 

83-00 

32*25 

32*00 


>32-21 

1 

1*25 


►Mean of elongation 26 inches. 


87-50 

32*25 



B. 


I 


KB 

86-75 

32 00 

- 


1-06 


! 



Experiment 4. 


j Length between the nippers 42 inches. jj 

Distin¬ 

guishing 

mark. 

Stretch in 
42 indies. 

Breaking 

strain. 

Mean. 

Reduced at 
fracture. 

To else¬ 
where. 

Remarks. 

B* 

B. 

B. 

B. 

B. 

B. 

in. 

9*50 

9*37 

10*25 

10*37 

8*62 

8*87 

tons. 

32*50 

33*00 

31*75 

31*50 

32*00 

32*00 

tens. 

>32*125 

J 

in. 

1*06 

B. 

1 

1-06 

F. 

in. 

1*25 

B. 

B. 

F. 

F. 

>Meau of elongation 9*8 inches* 


Experiment 5. 


| Length between the nippers 36 inches. j 

Distin¬ 

guishing 

mark. 

Stretch in 
36 inches. 

Breaking 

strain. 

Mean. 

Reduced at 
fracture. 

To else¬ 
where. 

Remarks. 

A* 

A* 

A* 

A* 

A. 

A* 

in. 

8*50 

8*7& 

9*00 

9*12 

9*37 

8*87 

tons* 

32*25 

32*25 

31*25 

31*50 

33*50 

33*25 


in. 

1*06 

1 

F. 

B. 

B. 

in. 

1*25 

B* 

B. 

B. 

B. 

>Mean of elongation 8*8 inches. 
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Experiment J. 



Abstract of the foregoing. 



\ As these experiments were made upon the same description of iron, it may be fairly 
jinferred that the length of a bar does not in any way affect its strength. > 

| 1 if 

| Reduction of the preceding Table.* ; j 
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Here it appears that the rate of akw^ationaf bam of wrought iron increases with 
the ( joor aa o e of tboir-laagth-,- thus while-abac. ol d20 inches ha s a n * .doagafion of 
*216 jnch per nnit of its length, a bar of 10 inches has an elongation of *42 idcb per 
unit pf its length, or nearly doable what it is in the former case. The relation be¬ 
tween the length of and its maximum elongation per unit, may be approximately ex¬ 
pressed by the following formula, viz.— , 


1 


. 2*5 t 

* 'J=*t8+*j~> ; 

where L represents the length of the bar, and i the elongat io n par unit of length of 
the btir. J 

These results are of some value, as they exhibit the ductility of wrought iron at a 
low temperature, and also the greatly increased strength which it exhibits with a re¬ 
duced section under severe strain. 

On some future occasion we may refer to this subject in order to show the blearing 
powers of wrought iron when compared with its elongated transverse section when 
reduced by forces sufficient to ensure fracture. ( 

The following experiments were made to determine the transverse strength offeeams, 
recommended by Mr. Kennedy of Liverpool, for supporting the decks of iroa ships. 


Experiment 8.—October 10, 1845. 

On a mall e a b le iron beam, of the annexed sectional form, 11 feet 7 inches long, 
and 11 feet between the supports. 

Dimensions at a= 1 *000 in. x 2| in. 

Dimensions at b= *325 in.x7 in. 

Dimensions at e= *380 in. X 4 in. 

Weight of beam=227 lbs. 

Weight of shackle=885 lbs. 


Weight 
in lbs. 

Deflection 
in inches. 

Deflection 

load 

removed. 

Remarks. 

885 

2,581 

4,317 

6,050 

7,743 

9,493 

11,253 

12,955 

•04 

•12 

•20 

•26 

•35 

•46 

•60 

'09 j 

. ; 

i 

With this weight the beam became distorted, and continuing the weight for 
some time, the deflection kept increasing until it bent laterally so as to be no 
longer able to sustain the load. 

_____ _ {..__ 

Ultimate deflection=*69* 



1 . _ 1 1 



4 z 2 









j $f infixed ^csniwal foi-fli,,^ fig<;68)> Ifcfeet 

8inches long, and 10 feet between the supports. svhhwu* > ft n >-wt >o 

n gw«psio W p«a 7 UWOt ta.X$f4*f, ,hi»1T 
DMensioiH a fc b W ,;?«Mn.X# 4*,t! >i.lT 
m^ensioi^ & p 7 ^^n.xmMMMilT 
fdBM g l l t of beam Abs.,,, M » '. i**-.c»V^ 

Weight of 



In both these experiments the beams yielded to lateral deflection, showing certain 
defects of form arising from want of lateral strength and breadth hitM' tbpahd 








into* ^rtfi&Es. m 

^MallfeaKttfHrWi buttin'%T«j^#HHtefti4lfSrt«e f^t, } 10 fM'j WffcWllto&’atfd ilo'&et 
between the supports. »” »»' ^ °» Unu * " h,,r ‘ 

Thickn^s;‘«ife POOO'W.y 2-?ft 
Thickn«s, %5t '>B 80 ln.x A &' ft l ' l!r(, ‘W 1 
Thick^i fcife “«>4ttln.x4-30 W. "'" ’ff 1 
Weight of beam iS&Td’lbs. 1,1 "* * 

_ r'ii [ i'fa - nl ”»*>'// 



14,7^8 *250 

16,407 *260 


< r 

| 8uK t 

* { 
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<)!'* 

* »8|*,Si 


> r*M 

( 4 

• A 

W* 

i,* \ J 

*025; 

i* th* 


1 next four minutes *10; and in four minutes more it had sunk to *34. 

22,387 *590 i - fi^‘« (» t imjl 

£ 3,046 . . .„ Bent Jateral]^ upwards of 2 *65 ipfikm the pupprimpnr was tUsnaa 

4*Ufii^ -1 -*iJL j* i-u L oiui* J jS!M-JLL-J j-uL r ,«».>,!, ‘V! *\'V liiLLUK 1 ‘ ~ i! 

» yjti^fe djfi^ectiousft^,, * , r( t iiut< l * • '» « *• *» ’ <*»••«» ;n lino) t< k '♦ 

— ’j-i --- ^^Tffl T nwm ^ 

In these experiments it will he necessary to remark, that they were made with the 
narrow flange uppermost; a position rather favourable to the strength than other¬ 
wise, on account of the increased area of the top flange, which is equal to 275 inches ; 
and the bottom flange is only 1*8 inch, a circumstance (deduced from subsequent 
experiments) favourable to the resisting powers of a wrought-iron beam* 


Manchester, April 10, 1850. 
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XXXVI. On the Mutual Relations of the Vital and Physical Forces *, 

By William B. Carpenter, MD., FJRJS n F.G.S., 

Examiner in Physiology and Comparative Anatomy in the University of London . 

Received June 20,—Read June 20, 1860. 

I. Introductory Remarks . 

THE degree to which the phenomena of Life are dependent upon Physical agencies, 
has been a subject of inquiry and speculation among scientific investigators of almost 
every school. That many of the actions taking place in the living body are con¬ 
formable to the laws of mechanics, has been hastily assumed as justifying the con¬ 
clusion that all its actions are mechanical; and hence arose the iatro-mathematical 
doctrines, which obtained considerable currency among the physicians and physio¬ 
logists of the seventeenth century-f*. In like manner, the fact that many of the 

* The author thinks it due to himself to state, that the inquiry wbo*e results are embodied in this paper 
has been occupying his attention for some years; in proof of which he may cite the following passage from a 
review of Prof. Mattbucci’s “ Lectures on the Physical Phenomena of Living Beings,” contributed by him to 
the “ British and Foreign Medico-Chirurgical Review ” for Jan, 184S (p. 235):— “ There can be no doubt that 
the present tendency of scientific investigation is to show a much more intimate relation than has been com¬ 
monly supposed to exist between vital and physical agencies; and to prove that, whilst the former are of a 
nature altogether peculiar, they are yet dependent upon conditions supplied by the latter. And the more 
closely these phenomena are investigated, the more inti mate and uniform does that dependence appear; so 
that we seem to have the general conclusion almost forced upon us, that the vital forces of various kinds bear 
the same relation to the several physical forces of the inorganic world, that they bear to each other; the great 
and essential modification or transformation being effected by their passage, so to speak, through the germ of 
the organic structure, somewhat after the same fashion that heat becomes electricity when passed through cer¬ 
tain mixtures of metals.” Of the paper communicated by Dr. Fowls* to the British Association at its last 
meeting (September 1849) under the title—'* If Vitality be a Force having Correlations with the Forces, Che¬ 
mical Affinities, Motion, Heat, Light, Electricity, Magnetism, Gravity, so ably shown by Professor Grove to be 
modifications of one and the same Force ? he has no more knowledge than that which he has obtained from the 
short abstract of it in the Report of that meeting, published since the greater part of his own paper had been 
written; and whilst it is evident from that abstract that Dr. Fowler has been pursuing the same line of inves¬ 
tigation with himself, and with somewhat of the same results, he has not thought this a sufficient reason for 
keeping back bis own communication from the Royal Society. For he thinks it will appear, from the extract 
he has cited, that he may fairly claim priority in the enunciation of the idea » and he ventures to believe that 
the systematic working out of that idea, which he has attempted in this paper, will give it a claim to the con¬ 
sideration of physicists and physiologists, such as it scarcely derives from the treatment which it-has received 
from Dr. Fowler— so far, at least, as the author can judge from the abstract referred to. (See the Supplemen¬ 
tary Note, p. 757.) 

f " The body,” says Dr. Bosrocx (History of Medicine, p. 165), “ was regarded simply as a machine com¬ 
posed of a cer tain system of tubes; and calculations were made of their diameter, erf the friction of the fluids in 
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changes of composition which take place within living bodies are analogous to those 
occurring externally to them, was assumed by another party as the foundation of the 
hypothesis that all the phenomena of life are of the nature of Chemical actions; and 
of that hypothesis the iatro-chemical doctrines which superseded the system of Galbn, 
and which held their ground under various modifications for several centuries, were 
the natural expressions *. The insufficiency of either of these hypotheses, or of both 
of them combined, to explain the phenomena of life, gave origin to a third, which 
was undoubtedly more correct in its fundamental conception than either of its pre¬ 
decessors bad been; the position assumed being, that the phenomena of each living 
body proceed from a vital agency, or anima, peculiar to each organized structure, 
and having nothing in common with chemical or mechanical principles'!-. The 
sect of the Vitalists, however, did not steer clear of the exclusiveness which had been 
the great fault of the chemists and physicists; but, in looking at every action of 
the living body as the immediate result of vital agency, claimed for that agency 
much that is clearly attributable to the operation of chemical and physical forces. 

Among modern Physiologists there is a distinct recognition of the fact, that many 
of the phenomena of living bodies may be placed in the same category with those 
of inanimate matter, and that such are not otherwise affected by vital agency than 
as this prepares or modifies the conditions under which they occur. But there is also 
a distinct recognition of the fact, that living bodies present a large class of phenomena 
which are altogether peculiar to them, and which can only be attributed to agencies 
of which the inorganic world is altogether independent; and hence has arisen the 
notion of vital agency as the foundation of Physiological science, just as the notion 
of affinity is the foundation of Chemistry, and that of mutual attraction of General 
Physics. And putting aside all hypothetical considerations with regard to the 
abstract nature of that agency, Physiologists have been aiming to determine the laws 

pawing along them, of the size of the particles and the pores, the amount of retardation arising from friction 
and other mechanical causes, while the doctrines of derivation, revulsion, lentor, obstruction, and resolution, 
with others of an analogous kind, all founded upon mechanical principles, were the almost universal language 
of both physicians and physiologists towards the close of the seventeenth century.” 

*' " The leading principle of the chemists," says Dr. Bostock (op. cit, p. 138), " was, that Urn living body is 
subject to the same chemical laws with inanimate matter, and that all the phenomena of vitality may be explained 
by the operation of these laws.” The chemical physicians of the seventeenth century held " that the operations 
of the living body are all guided by chemical actions, of which one of the most important and the most universal 
is fermentation. The states of health and disease were supposed to be ultimately referable to certain fermenta¬ 
tions, which took place in the blood or other fluids ; while these fluids themselves were the result of specific 
fermentations, by which they were elaborated from the elements of which "the body is composed ” (op. cit. 
P-167). 

+ " We are told,” says Dr. Bostock (op. cit. p. 175), “ that the anima superintends and directs every part 
of the anunaLeconomy from its first formation; that it prevents or repairs injuries, counteracts the effects of 
morbid muses, or tends to remove them when actually present, yet that we are unconscioua of its existence; 
and that, while it manifests every attribute of reason and design, it is devoid of these qualities, and », in fact, 
a necessary and unintelligent agent.” 
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netism,Opticg, and Therm otics, have undergone daring that period, rad oftheaecHmu- 
latioa of foots which more or less distinctly indicate the existence of sach relations 
te those who know how to read them aright. Amongst those who have laboured 
most Successfully in this line of inquiry, Prof. Faraday stands pre-eminent; but the 
author is not aware that any other attempt has been made t ojbrmularixe the entire 
series of these mutual relations, than that which has been put forth by Prof. Gnovn 
in his short treatise * On the Correlation of Physical Forcesin which be seeks to 
establish “ that the various imponderable agencies, or the affections of matter which 
consulate the -main objects of experimental physics, vis. heat, light, eieotricity, mag¬ 
netism, chemical affinity, and motion, are all correlative or have a reciprocal depend¬ 
ence :^-that neitber, taken abstractedly, can be said to be the essential or proximate 
cause of the others, but that either may, as a force, produce or be convertible into 
the other; thus heat may mediately or immediately produce electricity, electricity 
mAy produce beat, and so of the rest” (p. 8). 

. That the same view might be probably applied to the mutual relations of some of 
the Vital forces, did not escape Prof. Grove’s sagacity, as will appear from the fol¬ 
lowing passage near the conclusion of his essay :■—“ I believe that the same principles 
and mode of reasoning might be applied to the organic, as well as the inorganic 
worlds and that muscular force, animal and vegetable heat, Ac., might, and at some 
time will, be shown to have similar definite correlations; but I have purposely 
avoided this sabject, as pertaining to a department of science to which I have not 
devoted my attention ” (p. 49). The forces here alluded to by Prof. Grove, however, 
-*-those of muscular motion and heat, —are really physical in their manifestations, 
though generated in living bodies; the purely vital operations of growth, development, 
rad reproduction are not even named by him; and not the slightest hint is given by 
him of the existence of any such relation between the Vital and Physical forces, as 
it is the chief object of this paper to establish. 

Bdievingv as the author himself does, that all force which does not emanate from 
the will of created sentient beings, directly and immediately proceeds from the Will 
of the Omnipotent and Omnipresent Creator (which is evidently the idea entertained 
by Locke*),' —and looking therefore at what we are accustomed to call the physical 
forces, as so many modi operandi. of one and the same ageucy, the creative rad sus¬ 
taining will of the Deity,—he does not feel the validity of the objections which have 
been raised by some to whose opinions on philosophical questions he attaches great 
weight, against the idea of the absolute metamorphosis or conversion of forces. In 
deference to those opinions, however, he would here say in limine that bis present 
object is to show, that the same relation (in whatever way defined) exists among 
the several vital forces, whose operation may be traced in living bodies,., as exists 
among the physical; and that the vital and physical forces are themselves con¬ 
nected cby.ii .similar relationship. And as a mode of expressing that relationship 

* Human Undentaadiag, Book II. Chap. xxi. Os Power, § 4. - > 
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without any hypothetical assumption, he would state bis idea of the “ correlation w of 
two forces, A and B, to be thisthat A, operating upon a certain form of matter, 
ceases to manifest itself, but that B is developed in its stead 5 and that, vice versd, B, 
operating upon some other form of matter, ceases to manifest itself, but that A is re¬ 
produced in its stead. The idea of correlation also involves that of d certain definite 
ratio or equivalent between the two forces thus mutually interchangeable ; so that 
the measure of force B, which is excited by a certain exertion of force A, shall, in its 
turn, give rise to the same measure of force A as that originally in operation. Thus, 
when an electric current is set in motion (to use the common phraseology) by gal* 
vanic action, the amount of chemical decomposition which it will effect bears a pro-* 
cise correspondence ( cceteris paribus) with the amount of zinc which has undergone 
oxidation; chemical action thus exciting electricity, which in its tnm reproduces the 
original equivalent of chemical action. In like manner, when water at 212 p is con¬ 
verted into steam, the heat which it receives is no longer manifested as heat, bnt 
mechanical force is developed in its stead, and this in a certain definite ratio; as 
soon, however, as the steam, losing its elasticity by condensation, returns to the 
condition of water, the original equivalent of heat is again developed, its mechanical 
force being no longer manifested. 

Whether we regard it as most consonant to our ideas of the nature of force, to con¬ 
sider the one force, in any such case, as itself becoming latent, whilst it excites an 
equivalent measure of a force of another kind which was previously dormant, —or 
whether we consider that the one force is actually converted into the other, and that 
there is really no such condition as dormant or latent force,—the fact of the mutual 
relationship, and the definite character of that relationship, remains the same; and 
it is upon this, rather than upon any hypothetical representation of it, that the author 
wishes chiefly to insist. Although, therefore, the terms conversion ” and u meta¬ 
morphosis ” will be occasionally employed in the present paper, as the most convenient 
modes of expressing the author’s meaning, he is desirous that it should be understood 
that he does not desire to imply anything else than the existence of the relationship 
just defined. 

One more preliminary remark is necessary, upon a point on which Prof: Grove has 
not thought it requisite strongly to dwell 5 namely, the necessity for a certain material 
substratum as the medium of the change in question. Thus, to take a familiar case, 
the correlation of Electricity and Magnetism is indicated by the development of 
magnetic attractions and repulsions in iron, when a current of electricity is made to 
circulate around it. In like manner, the correlation between Heat and Electricity is 
shown in the disturbance of electric equilibrium, which ensues on thd application of 
heat to bars of certain dissimilar metals (especially bismuth and antimony) in con¬ 
tact with each other. The iron, in the first case, is the necessary medium for the 
development of the magnetic force by electricity; as the bars of dissimilar metals are 
in the second, for the development of the electric force by heat. So, again, in the 
* 5 a 2 
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(so-^alied) magnetization of light by Prof. Faraday, it seems necessary that the mag¬ 
netic force should act through some material substratum, in order to produce any 
effect upon the luminous ray; the intensity of the effect varying according to the 
medium employed.—-This consideration will be found of great importance here¬ 
after, when the mutual relations of the Physical and Vital forces are brought under 
discussion. 

II. Mutual Relations of the Vital Forces. 

Our clearest idea of the agencies essentially concerned in the production of vital 
phenomena, is derived from the study of the history of the development of any single 
organism; and it will be convenient to take that of the Plant in the first instance, as 
presenting ns with these phenomena in their least complex assemblage. 

The germ of a Cryptogamic plant, when set free from its parent, is a minute particle, 
apparently homogeneous in its character, but probably a cell in the earliest stage of 
development.—-I. The first change which we witness, is its growth or enlargement; 
and this, when analysed, is found to involve several distinct operations. 1. The germ, 
under the,influence of light, decomposes carbonic acid, and unites its carbon with 
the elements of water; at the same time decomposing ammonia, and uniting its azote 
with oxygen, hydrogen and carbon derived from the sources just named; thus form¬ 
ing organic compounds, such as uo operation of ordinary chemistry has yet been able 
{g\ imitate. 2. These organic compounds, at first in the condition of crude amy¬ 
laceous and albuminous substances, need to be rendered plastic or organizable, by the 
process of assimilation, before they are fit to be applied to the extension of the living 
structure. 3. The organization of this plastic material then takes place, by which its 
materials are withdrawn from the fluid, and incorporated with the solid texture; and 
in this process they become fully possessed of the properties of the fabric of which they 
form part. 4. At the same time, a further process of organic transformation may gene- 
qate other compounds, which occupy the cavity of the cell, and which are not destined 
to undergo^ organization, but are secreted or set apart for some ulterior purpose. In 
these, as in the organic compounds first generated, it is probable that the elements 
are arranged according to the laws of chemical affinity, although no agency but that 
of a living otganized body has yet been found capable of bringing about their com¬ 
bination in these modes. 

'Thus we have in operation, in the simple growth of a vegetable cell, a force closely 
allied to chemical affinity, but so far different that it can only be exerted through a 
living organism; a force of assimilation or vital transformation; and a force of orga¬ 
nization and complete vitalization. In speaking of them as distinct forces, it is only 
ip$en$ to affirm that their manifestations are diverse; for it cannot bnt be observed 
that they are all mutually dependent, and that they form part of a continuous series 
of phenomena which have but one ostensible cause,—the action of light and beat 
upon a living cell,—and but one destiny, the growth of that cell. 
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IL Tbe multiplication of the cell, by spontaneous division or fission, is a process 
intimately connected with its growth, mid takes place under precisely the same 
influences. It is by tbis kind of multiplication, that tbe simpler forms of vegetation 
are chiefly extended; and that tbe “germinal mass” is produced in tbe higher, tbe 
component ceils of which, resembling each other in all their ostensible characters, 
seem to be nothing else than repetitions of that in which they all originated. . 

III. But from tbis homogeneous germinal mass, a complex and heterogeneous 
fabric is gradually evolved, of which the several parts or organs present wide diver¬ 
sities in structure and endowments. In this process of evolution or development 
(which obviously differs essentially both from growth and multiplication) it is usual- 
to regard two separate agencies as in operation; namely, Morphological Transfer* 
motion, which is concerned in the evolution of the several organs of which tbe entire 
body is composed; and Histological Transformation, the operation of which is limited 
to the component tissues of which these several organs are made up. It appears to 
the author, however, that, strictly speaking, there is but one such force; the form 
as well as the composition of each organ being determined by the development of 
particular tissues, and by their multiplication in one direction rather than another; he 
would therefore consider that the transformation of the simple primordial cells into 
other forms of tissue is the only indication of a distinct force which is manifested in 
tbe development of the fabric. Its assumption of its complete and perfect structure, 
is the result of that perfect harmony and balancing of the several forces of growth, 
multiplication, and transformation, which indicates, in the most distinct and untnis- 
takeable manner, tbe controlling and sustaining action of an intelligent mind, acting 
in accordance with a determinate plan*. 

In tbe life of the fully-developed organism, we have still to trace,the persistence of 
the same phenomena; for tbis is entirely made up of the vital manifestations Of its 
component parts; and these, in the plant, are either cells of various forms, or are 
tubes formed by the coalescence of cells, which minister simply to the conveyance 
of liquids. The vegetable physiologist has long been familiar with tbe fact, that all 
the operations of the most truly vital nature are performed in cells, which have not 
departed in any considerable degree from their primitive type. These operations do 
not essentially differ in the most elaborate vegetable structure, from those which are 
performed in the simplest plants, and in the earliest stage of development of the more 
complex; the chief difference being, that the products of the actions of individual'cells 

* Hie tern " germ-force” ha* been employed by Mr. Paget (Lectures on Repair and Reproduction) to de¬ 
signate the power which each germ possesses “ to develops itself into the perfection of an appropriate specific 
form.” The author has elsewhere shown (Brit, and For. Med.-Cliir. Review, Oct. 1649, p. 413) that this 
form cannot be logically nnderstood as anything else than " a comprehensive expression of all the'individual 
farces which arc separately concerned in the evolution, maintenance, and reparation of a living being.**' And so 
far from regarding the whole force which prodaces the evolution as being possessed by, or asreeiduigii*i Use 
germ, it will be the author'solyect to prove that it is of esttnutl origin. . 4 , u < ; 
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are employed for other purposes in the economy, instead of being appropriated by 
the cells alone. Thus tbe ceils of the spongioles absorb the water, and those of the 
green surfaces obtain the carbon (from tbe carbonic add of the atmosphere), which 
are required for the nutrition of the entire fabric; and it is especially in the cells of 
the leaves that those assimilating processes are performed, whereby tbe plastic finid 
is prepared, at the expense of which the organization of new tissue may take place 
elsewhere, or from which the cells in remote portions of tbe fabric may draw the 
materials of their peculiar secretion. So, again, we find that the process of multi¬ 
plication of ceHs is limited to certain parts in which the actions of growth are most 
actively going on; and that a large proportion of the solid fabric is composed of 
structures which-have ceased to take any active share in the performance of the vital 
functions, and which retain their integrity simply because they are not exposed to 
influences that would occasion their decomposition. 

Everywhere it is to be noticed, that if tbe condition of the tissned is such as to 
cause it to be changed by the play of the ordinary chemical affinities, it can only re¬ 
tain its normal character so long as it is performing vital actions; and when these 
cease, it either undergoes decay (which is the case with the softer tissues), or it be¬ 
comes transformed into a substance which resists decay, as is seen in the conversion 
of sap-wood ” into “ heart-wood” by the fiiiing-up of the woody tubes with sclero- 
gsn, resinous secretions, &c., which have little tendency to decomposition. And it 
will be observed, too, that tbe combined influence of warmth, air, and moisture, which 
favours tbe rapid decay of dead tissue, is that which most promotes the growth of 
the Irving plant.' Further, tbe more rapid and energetic are the processes Of growth, 
the sooner (generally speaking) are they succeeded by decomposing changes; this is 
seen especially in.the Fungi, whose growth is more speedy, and whose degeneration 
is more immediately consequent upon the completion of their term of life, than that 
of any it her tribe of plants; and it is seen also in cases in which the leaves have 
been forced into extraordinary activity by an excess of heat and light, their death 
Rad exuviation-being thus induced at a comparatively early period. Conversely, if 
tbe vital operations be retarded by the withdrawal of tbe external agencies on which 
they are dependent, we find that the life of the structure is proportionally prolonged, 
and the decomposing changes are retarded accordingly; this is seen in the well- 
known feet, that a bouquet of flowers may be made to preserve its appearance of 
freshness for some time longer whqja kept in a dark room than it would do if exposed 
to light. These facts, and many others which might be cited, indicate that every 
integral part of the living fabric possesses within itself a capacity of being so acted 
on by external agencies, that tbe very forces which would tend to decompose and 
destroy it if it were dead, only excite it to vital activity if it be aUve; bat that this 
capacity lasts no longer than the completion of its own term of growth, every indi¬ 
vidual cell being destined to pass through a certain series of changes, the completion of 
which leaves it at the mercy of the physical and chemical agencies to which it may 



THE VITAL AND PHYSICAL FORCES. 735 

happen to be subjected; and tbe duration of its life being inversely proportional to 
the rapidity with which these operations are performed. 

In addition to the phenomena included under the general term of growth or de¬ 
velopment, we have to study those which constitute the proper generative process. 
This appears to consist, as tbe author has elsewhere shown*,-.in the reunion of the 
contents of two of the cells which had been previously separated by the process of 
fission. In the simplest tribes of plants, it would seem as if>,ulf!tbe eells thus 
springing from the same primordial source, were capable of performing the* genera- 
tive act by “ conjugation j” but this capability, like other endowments* is .limited ip 
tbe higher plants to particular groups of cells, which are developed in organs distinct 
from those concerned in tbe acts of nutrition, and are obviously set apart from tbe 
first for the performance of the act of generation alone. ■ * .■: > ■ .r< 

Various kinds of motion, again, are performed by the agency of the vegetable 
structure, although these are less remarkable than they are in animals; From the 
extended researches of Prof. Schlbidbn it appears probable that witbin et’erycellyAt 
some 6tage of its formation, a circulation of fluid takes place-f*, which is sustained by 
agencies that cannot be regarded as mechanical, and that are intimately connected with 
the formative processes; varying in its rate with the general activity of those pro* 
cesses, and only ceasing with their cessation. Wherever a cytobiast exists, the cur¬ 
rents radiate from it and return to it again ; in other cases (as the Chara) they are 
observed to extend over the whole lining of the cell-wall; in both oases being con¬ 
nected with the part that shows the greatest vital activity. Tbe wospores of various 
inferior Algee are covered with cilia, by the vibration of which these bodies are car¬ 
ried through the water, and deposited at a distance from their parent. These zoo¬ 
spores are minute cells, formed within certain cells of the parent fabric; and liberated 
by their rupture. So, again, the spiral filaments long since observed in, the Chara- 
cese, the Hepatic®, and in Mosses, and more recently discovered in tbe Fucace® 
and in Ferns, have a peculiar independent movement, which seems. obviously des¬ 
tined to diffose them, and thus to bring them into contact with the germ-cells which 
they are to fertilize. Each of these spiral filaments is developed within a distinct 
cell. And lastly, in certain plants, both of high and low organization, sepsible<mo*r&- 
ments are occasionally to be witnessed, which are immediately due to changes of 
form in their component cells; these changes of form being sometimes spontaneous, 
that is, occurring as a part of the regular series of the vital operations of those cells, 
and hot directly excited by any external influences, as we see in the i rhythmical 
movements of the Oscillatorice ; and being sometimes consequent upon mechanical 
or other irritations applied to the cells which exhibit them, as in the ease of the: clo¬ 
sure of the fly-trap of the Dimcea, but not being at all the less dependent upon the 
vital endowments of those cells, which cease to exhibit them when their vital activity 
is diminished. The folding of the leaves of the Mimosa pudica appears to take place 

* 1 , ' . < i y ., ii i ■ , i • , ) 1 1 ,. .! ',s 

* Brit, and For, Mea.-Chir. Review, Oct. 1849, p 346. + Principle# of Scientific Botany, p. 95. 
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spontaneously in some cases,, and to be an excited phenomenon in others, thus com¬ 
bining the characters of both classes of movement, and showing, their dependence on 
similar properties of the contractile cells. 

Further, in many of the higher plants, and also in animals, we witness movements 
of fluid through a capillary network, which must be wholly or in part due to the vital 
relations of the fluid and the tissues through which it is carried; no physical agency 
being capable of entirely accounting for these movements, and some of them taking 
place under circumstances, which, as in the case of the rotation within the ceils of 
the Chara, &c., seem to exclude the idea of such agency. Thus the eyelash of 
Schultz (a recent observation upon which, apparently free from all fallacy, has been 
recorded by Prof. Balfour, * Manual of Botany,’ p. 128), whether or not an universal 
phenomenon, seems unquestionably tp present the spectacle of a rapid capillary oio- 
culation, not maintained by any vis a tergo, but depending upon forces connected 
with the vital endowments of the parts through which it takes place. The movement 
of nutritive fluid in the canals excavated in the tissues of many of the lower Animals^ 
in like manner, seems to, be but little dependent on mechanical propulsion, and to 
be chiefly maintained by some power originating in the living tissues. And even the 
capillary circulation of the highest animals, in which the regular flow is sustained by 
the propulsive power pf the heart, exhibits certain residual phenomena,—such as local 
accelerations and stagnations,—which .cannot be attributed to changes in the rate or 
power of the heart’s contractions, and indicate the existence of influences arising out 
of the vital relations of the nutritious fluids to the tissues through which its move¬ 
ment takes place;—this movement being most active when the formative actions of 
the part are being most energetically 1 performed, and exhibiting a retardation as soon 
as any influence depresses then**. 

The forces concerned in the growth, development, and movements of Animals appear 
tp be essentially the same with those whose existence has thus been traced in plants. 
The animal, however, deriving its nutriment from organic compounds previously 
elaborated, does not perforin that preliminary operation, which is so remarkably inter¬ 
mediate between chemical and vital agency, viz. the production of ternary and qua¬ 
ternary compounds, of complex atomic constitution, by the union of their elements. 
But in animals we And an additional power, termed Nervous Agency, nothing analo¬ 
gous to which exists in plants; this power, related on the one hand to the conscious 
mind, to which it communicates impressions derived from the external world, is also 
related, in a very remarkable manner, to the vital endowments of the organism in 
general, as will be presently seen, and particularly to the contractile tissues; the most 
perfect form of which (the striated muscular fibre) is usually called into action 
through its instrumentality,.in obedience to mental impulses. < . 

• * That such is the case, must be admitted, tile author believes, by all Physiologists and Pathologists who 
study the phenomena of the capillary circulation, whether Dr dot they be disposed to admit the validity of tha 
hypothesis of “ vital attractions and repulsions ” Which his been offered by Prof. Auson as an explanation irf 
this order of phenomena. 1 ' " 
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In order to meet the more varied requirements of the Animal organism, a much 
larger proportion of its tissues undergoes various transformations, so as to depart 
more or less widely from the original cellular type, than we find to be the case in the 
plant; still it is no less true in the animal than in the plant—as proved by the re¬ 
searches of Schwann, extended and confirmed as they have been in this particular 
by the researches of all subsequent histologists— that all the tissues possessing distinctly 
vital endowments *, originate , directly or indirectly , in the transformation of cells . And 
further, it may be stated, that all the most active vital dperations , in the Animal as 
in the Vegetable organism, are performed by tissues which retain their original cellu¬ 
lar constitution with little or no change^. 

The several modifications of vital force which have now been enumerated will be 
found, when closely examined, to have a very intimate mutual relationship, however 
dissimilar may be the phenomena they produce. In the first place they are all ex¬ 
erted, even in the most highly organized living being, through a common instrumen¬ 
tality, the simple cell. Secondly, the entire assemblage of cells making up the totality 
of any organism, have all a common parentage; being linearly descended from the 
single primordial cell in which the organism originated. Thirdly, they are mani¬ 
fested in connection with each other, in those single-celled organisms, which are tbe 
lowest members of the two kingdoms respectively, and in which there is no sepa¬ 
ration or specialization of function.—Hence we may express them collectively under 
the general term of Cell-force ; and seem entitled to affirm that each is a particular 
modus operandi of the same force as that which is concerned in cell-formation J. 


* It may now be considered as a well-established fact, that the simple fibrous tissues may originate in a 
structureless blastema, and may be produced by its fibrillation, without passing through the intermediate con¬ 
dition of cells. But these tissues cannot be regarded as possessing any truly vital endowments; their proper¬ 
ties being simply physical, and their uses in the economy merely mechanical. 

t This general proposition was first advanced by the author in regard to the operations in which organic life 
consists (and which arc common, therefore, to plants and animals), in his '* Report on the Origin and Functions 
of Cells" in the Brit, and For. Med. Review for January 1843. The subsequent discovery of the cellular 
composition of the ultimate fibrilla of striated muscular fibre, by himself and Prof. Shakpey contemporaneously, 
and the accumulation of various facts relative to the existence of cells or cell-nuclei at the peripheral extremi¬ 


ties of the afferent nerves, as well as in the central organs, seem to justify the assertion that unmetamorphose^ 
cells are the active agents in the production of Muscular and Nervous force; in the former case effecting con¬ 


traction by their change of form, and in the latter developing nerve-force, which is transmitted along the fibres 


as its conductors. 


t The author is particularly desirous that he should be understood as implying by the term ** cell-force," 
not that the force is produced or generated by the cell, but that the growth of the cell is the most general 
objective manifestation of that force, and that the cell affords the ordinary instrumental condition for its exer¬ 
tion, though there can be no doubt that the force may be exerted in many cases in which cell-development 
does not take place. The use which he would make of the term is just that which is commohlymnde of the 
term " Engine-powerevery one knowing that the steam-engiue possesses no power itself, but that it is 
simply the instrument most commonly employed, because the most convenient and advantageous yet devised# 
for the application of the expansive force of steam, generated by the application of heat, to the production of 
mechanical motion. 
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This inference derives a remarkable confirmation from a series of facts, which indi¬ 
cate that when that specialization of function takes place, which has been mentioned 
as a characteristic of the higher organisms, the cells which become the instruments 
of some one particular kipd of operation seem to lose their other endowments,—as if 
the expenditure of the vital force of each cell upon any one purpose, unfitted it for 
any other agency. Thus the assimilating cells (whether floating in the nutrient fluids, 
or included in the absorbent glandulae), whose function it is to convert the raw material 
supplied by the food into organizablejp/ujwia, exercise little or no purely chemical trans¬ 
formation ; they do not undergo change of form; they do not exert any mechanical 
or nervous power; and they do not reproduce their kind. So, again, the cells which 
are specially endowed with the power of multiplication , seem to possess no other spe¬ 
cial vital endowment; simply receiving the nutriment which has been prepared for 
them by other agencies, and applying it to the production of new cells, which, if 
themselves possessed of more special endowments, do not reproduce themselves. Of 
this we see an example in the first development of the embryonic structure, the cells 
of which rapidly multiply by the process of fission, up to the time at which histological 
transformations commence, and then this multiplication almost or entirely ceases; so 
that (as in the case of the insect, whose larva is an embryonic mass of very rapid 
production, composed almost entirely of cells destined to undergo histological change 
during the metamorphosis) the perfect structure may be even smaller than that from 
which it is developed. In the formation of new parts which make their appearance 
at a subsequent time, the same rule generally holds good, viz. that their foundation is 
laid in a mass of cells which rapidly multiply up to a certain point without histo¬ 
logical transformation, and then undergo histological transformation with little further 
multiplication. But the most striking illustrations of this principle are perhaps to be 
derived from those cases, in which a continual production of cells possessed of some 
special endowment goes on during adult life. Thus it is necessary for every act of 
secretion , that a new formation of secreting cells should take place within the ultimate 
follicles of glands. These ultimate follicles are really to be regarded (as shown by 
Prof. Goodsir*) in the light of parent-cells, which produce the true secreting cells 
in proportion as the materials of their growth are supplied by the blood. Now these 
parent-cells themselves possess no secreting power , their vital force being entirely ex* 
pended in the production of the true secreting cells. On the other hand, the true 
secreting cells possess no reproductive power , but die and are cast off when they have 
reached their maturity; as if their whole vital force were expended in the secreting 
process , which is itself nothing else than a portion of the act of growth. This w4tt be 
found, the author believes, to be the type of a large order of facts, of which some 
others will be presently noticed. Again, the cells which are endowed with the spe¬ 
cial reproductive power, exercised in the true act of generation, seem to possess no 
other endowment; they do not exercise chemical transformation, nor do they undergo 

* Anatomical and Pathological Observations, No. V. 
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histological change, nor do they multiply after the ordinary fashion. But here, again, 
we find that these cells are produced within others, whose whole endowment seems 
that of multiplication; the sperm-cells being generated in vast numbers within folli¬ 
cles or parent-cells, which have themselves no power of producing spermatic filaments; 
and each germ-cell, also, being a secondary product of the parent-cell of the ovule,— 
the other cells to which it gives origin (those which fill the embryo-sac in the vege¬ 
table ovule, and which form the vitellus of the animal unimpregnated ovum) being 
of very inferior character and transient duration. That a relation of reciprocity 
exists between the forces concerned in the growth, development, and maintenance of 
the individual organism, and those which are employed in the generative act,—so 
that an excessive expenditure of either diminishes the amount of vital force which is 
applicable to the other,—is an idea so familiar to physiologists, that the author need 
not here dwell upon it, further than to point out how completely it coincides with, 
and illustrates, the view for which he is contending. 

When we look, moreover, at the tissues which have been developed from the original 
cells by histological transformation, we find that in proportion as they lose the cel¬ 
lular character, they for the most part cease to perforin any strictly vital operation; 
as if the act of transformation had expended their vital power. We seein to see this 
in the development of tubes from cells, alike in the plant and in the animal, the tubes 
thenceforth serving merely for the conveyance of liquids ; and in the development of 
the simple fibrous tissues of animals, the endowments of these fibres being purely 
physical, and what vital force they may retain serving merely to enable them to resist 
chemical change. When we look at the cells concerned in the production of me¬ 
chanical movement , we find the same principle holding good in a most remarkable 
manner, these cells being apparently incapable of performing any other function. 
Thus the cells which constitute the fibrillae of striated muscular fibre exercise no 
power of chemical transformation, they undergo no histological change, and they 
appear to be entirely destitute of the power of multiplication; the expenditure of 
their vital force in the act of muscular contraction involves their death and disin¬ 
tegration ; and their renewal appears to be accomplished by a production of new cells 
by the continued agency of the parent-cell (or sarcolemma), which, itself possessing 
no contractile power, seems to hold the same relation to the contractile cells of the 
fibrillse, that the parent-cells or follicles of glands hold to the true secreting ceils 
occupying their interior. Again, the ciliary action, when the special endowment of 
a particular set of cells—as those lining the excretory ducts of the glands, respiratory 
organs, &c. of higher animals—appears to be in like manner incompatible with any 
other action, but to be the sole manifestation of the vital force of these cells. For 
the ciliated epithelium is never a secreting epithelium; so that in tracing the one form 
into the other, there seems to be such a marked transition in function (the mode of 
production and the general conditions of development being essentially the same) as 
clearly indicates that the ciliary action and the secreting agency, although very 

5 b 2 
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dissimilar in ttemselves; arebfrtbtb be' looked upon as raodes of operatiott tif ttrd 1 
same Vital force as that which i$ exerted in the production of the cell. Artd this View 
derives remarkable confirmation from thefact,tbatm the history of the* zoospores*’ 
oftheAlgae we have twodistfinetpetfods, one of ciliary action • and the etherbfgrowth 1 
and multiplication ', so tong ait the ciiiary attiOn continues, which is provided far th&r 
dispersim, no further vital change seems i/o' take ptace in tk&h ; but so soon aS tMS 
ceases and the# become Stationary, they begin to exercise chemito-tiital transformations, 

and 1 to grow and tnuitiply as cetis. • 1 . •"*>■ ■" 

These vieWa,in regard to the mutnal rekitionshipof the different kinds Of Vitttf 
force, are strikiwgty confirmed by the phenomena of Netoons Agency'. There eaii be 
no reasOnable doobt that the production of nerve-force in the central organs is de¬ 
pendent upon the development of 'the peculiar cells constituting tbe gangiionic dr 
vesicular substance; and, as already remarked, the progress of physiological inquiry 
seems to justify the- belief (long since entertained and expressed by the author)tbat 
either cells. or cell-nuclei are the events in the origination of nerve-force at the peri¬ 
pheral extremities Of the nerve-flbfes *. The nerve-force thns generated is not merely 
expended in arousing mental activity on the one hand, or in exciting muscular con¬ 
traction on the other, but has an intimate relationship (there can be no doubt) with 
all the other manifestations of vital force 1 Which the animal organism exhibits. So 
intimate is this relationship, so obvious ts the controlling and regulating action of the 
nervous system over the operations iof nutrition, secretion, &c., especially in the higher 
animals, that many physiologists have regarded these actions as necessarily dependent 
upon the exertion of nervous force. On'the other hand, it has been urged with grhat 
plausibility by Prof. Alison and others, that since the functions of organic life in 
Animals are performed under the u same l essential conditions as those of Plants, and 
since the'acts of formation, : secretion, &C. Ore effected by the very same agency ih' 
animals as in planfo,-Namely,'by bell-gri>vi*h,—there is no valid reason for regard¬ 
ing them as dependent Upon nervOUS agency; although it must be freely admitted 
that they'are greatly affected tty that agency, being not merely accelerated and 're¬ 
tarded through its influence,' but also altered'in kind. The view here advocated wilt,’ 
it is believed, afford a definite scientific expression for all the phenoiOena WhiCh bear' 1 
upon this queStidnJ T\>r, just ad* electricity developed by chemical chtlnge’may dpC- 
rate (by its tidnelatioWUvith chfetblCal affinity) : in producing other chemidal changes 1 


*. There cen bp ,» tjje.fjmstif* of the cells, of the retjiyj,, whist $$; 

history of the develppment of the eye, actually to priginate ip the optic ganglion. Jhe sauie appears to be the 
fact in regard to tie' cells in 'relation with tie peripheric expansion of the auditory nerve, which originate in the 
aud&iry (Sfefc Mfc.HT Ofciiis pa^ef ** 6# the k #ivfclc£menf of ~th^ lUjtitfa and Optic t^ei^eV ^ l oir 

the Membranous Labyfinthj and Auditory (Verve*” nt p. 189 of tho present, volume of the Philosophical Trans¬ 
actions.) And it seems probabJefrom tjie researches.of KdjLLixxn (Annales des Sciences Naturellei, Ser< III. 
Zool. tom, vi. p. 109), that the plexuses whiebappear to constitute the ultimate dista^utipn of. the sensoty : 
nerves in the, skin, are really composed of nerve-cells, which have sent out very sleader prolopgat^ns .to inoscu¬ 
late with each other. 
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else where,r-^o may nerve force, which has it^ origin m cell-formation, excite or modify 
the process vf'cell-formation in other parts * and thus influence all the vital manifesta¬ 
tions of the several tissues, whatever may be their own individual characters . And 
this expression will aUo be found available for the well-known influence of mental 
conditions upon the properties of the various tissues and secretions, since this influ¬ 
ence can only be exerted through the medium of nervous agency. Further, it not 
only appears that a simple withdrawal or disturbance of tbe nervous force supplied 
to particular organs occasions a retardation or perversion of their vital operations; 
but there also seems evidence that an influence of an opposite kind may be transmit¬ 
ted through the nervous system, which is positively and directly antagonistic to the 
vital powers of the several tissues and organs ;—such, at least, appears to be the only 
mode of accounting for the extraordinary effect of a shock , mechanical or mental, in 
at once and completely destroying the contractility of the heart, and in immediately 
bringing to a stand the vital operations of other parts; and it harmonizes well with 
the fact that, in hemiplegia, the a palsy-stroke” transmitted from the brain along tbe 
spinal cord almost invariably affects tbe leg less injuriously than the arm, and for a 
shorter duration, recovery first taking place in tbe leg, even when it has been at first 
paralysed as completely as the arm. If the nervous force be regarded as a polar 
force (as suggested by Messrs. Toon and Bowman, ‘ Physiological Anatomy,' vol. i. 
p. 2« # *7 ( t sey.), analogous in its mode of transmission to electricity or galvanism, it 
is not difficult to understand that the reversal of the usual direction of its action may 
produce the effects in question, regard being had to tbe opposite effects shown by 
Prof. Mattbucci to be produced upon nervous excitability by tbe direct and the in* 
verse electric currents *. 

It is hoped that the foregoing considerations (in support of which manyothetrs 
might be,adduced"f") will have served to establish the general proposition, that so 
close a mutual relation exists between all the vital forces, that they may be legiti¬ 
mately regarded as modes of one and the same force. The most general and charac¬ 
teristic of the manifestations of this force, which serves to unite and connect nil the 
rest, is that which is concerned in cell formations and to tills act, many of the 
ot\\qv ggencips appear to be essentially, related: Thus ,the tissue of a muscle, is 
constructed,-sp)cly with a view tQ its manifestation of contnictile power; whilst the 
development of,nervous matter has reference entirely to the peculiar operations in 
which it is to be concerned. We find only one kind of tissue serving for the genera¬ 
tion and transmission of nervous potfer; this alone affording the material substratum 
thVougjh which the vital force can manifest itself as nervous agency. And so, in like 
manner, if can scarcely be doubted that the contractile tissues, the assimilating cells, 

* Lectdrebon thePhysiiral Phenomena of Living Beings, translated by Dl*. Pehkiua, p. 262, 

dynaniical relations of the rie^Ve-force to mental a&onby, oh tbe one band, mad to the se\cral vital 
iottt* on the dther,bob»tithtc Afield of intjiiiry of vast extent arid profound interest. To this inquiry tbe au¬ 
thor purpose* tOfcpply bibwrff, should the incurs enunciated m this paper be accepted as true, or even probable, 
by those most competent to judge of their merits. 
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the secreting cells, &c., have their own respective peculiarities of structure or com* 
position, whereby they are severally enabled to serve as the material substrata, through 
which the vital force is exerted in the production of the various phenomena of life. 

III. Relations of the Vital and Physical Forces. 

Having thus endeavoured to develope the fundamental relations which subsist 
between all strictly Vital phenomena, by showing that a “ correlation” may be traced 
among the several forces to whose agency they are attributable, it is the author’s 
purpose to inquire, whether any similar relation can be shown to exist between the 
vital and the physical forces. 

In the conduct of this inquiry, it will be advantageous to take, as our starting- 
point, a case in which the existence of such a correlation appears particularly ob¬ 
vious ; that, namely, of Nervous Force, the strong analogy of which to Electricity is 
admitted by all who do not believe in the identity of these two agents. The disproof 
of their identity will be found, the author believes, in the numerous experiments of 
Prof. Matteucci and others, who have failed to procure any manifestations of a 
change in the electric state of nerves, through whose agency muscular contractions 
were being most vigorously excited ; and in the well-known fact, that the conduction 
of nervous force is prevented by pressure on the nerve-trunk, or by other disorgan¬ 
izing changes, which do not impair its power of conducting electricity. All the facts 
which have been adduced in support of the identity of these two forces will be found 
readily explicable on the idea of their “ correlation” or mutual convertibility;—elec¬ 
tricity, when acting through nerve-fibres, developing nervous force; and nerve-force, 
when operating upon a certain special form of apparatus, developing electricity. 
This view the author purposes now to unfold in more detail; adducing in support of 
it facts which are so well known to physiologists and electricians, that there can be 
no occasion to do more than cite them. 

1 . If an electric current be made to traverse the trunk of a motor nerve for a short 
distance only, it will produce contraction of the muscles which are supplied from its 
branches. It was formerly supposed that the contraction was excited by the imme¬ 
diate action of the electricity upon the muscles; but it has been clearly proved that 
the electric current need not proceed to them, its passage along the trunk for a very 
short distance being sufficient to develope the nervous force in its branches. 

2 . In like manner, if the electric current be passed for a short distance only along 
a sensory nerve, it will excite in the sensoriutn the peculiar sensations ordinarily 
produced by impressions conveyed through that nerve ; that is to say, the ordinary 
tactile sensations, if the current be transmitted along a nerve of common sensation ; 
or those of sight, hearing, smell, or taste, if the current be transmitted along the 
optic, auditory, olfactive, or gustative nerves. And thus, as remarked by Muller, 
we may, by proper management, be made conscious at one and the same time of 
pricking sensations, of flashes of light, of a phosphoric odour, and of a peculiar taste; 
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all excited by a peculiar cause, the transmission of an electric current along tbe 
sensory nerves, through which these modes of consciousness are respectively excited. 

This production of muscular contraction on tbe one hand, and of various forms of 
sensation on the other, by the transmission of an electric current through a nerve- 
trunk, along a short distance only, appear to indicate that it is to the nervous force 
called into activity by the electric, and not to the electric force itself, that the phe¬ 
nomena are immediately due; and so strong an analogy presents itself between this 
development of nerve-force in a nerve, and the development of tbe magnetic force in 
a piece of iron, as the immediate and direct result of a certain application of the 
electric current, that, whatever may be the view taken of the relation of the magnetic 
force to the electric, the relation of the nervous force to the electric can scarcely 
but be placed in the same category. It is no objection to this view to say, that 
the nervous force can only be excited in the nerve of a living animal, or in that 
of an animal recently killed. In all instances of conversion of force, as already no¬ 
ticed, some form of matter is required as the medium of the metamorphosis; and a 
slight change in the condition of that matter may have a very considerable effect in 
modifying the process of conversion. Thus, it is by causing an electric current to 
circulate around a bar of iron, that we most readily develope the magnetic force; 
but the molecular condition of that iron, whether hard or soft, crystalline or fibrous, 
has an important influence upon the result. Now we know that the normal condi¬ 
tion of the nerve-fibre can only be kept up by the continual performance of the 
changes which constitute nutrition; so that if these changes be interrupted, its mo¬ 
lecular condition speedily undergoes alteration. Hence, the fact that the electric 
force can no longer call forth the manifestations of nervous force, when a short time 
has elapsed after the suspension of tbe nutritive processes by the stoppage of tbe 
circulation, is in no way inconsistent with the idea here advocated of the intimate 
relation between the two. 

In order to complete the idea of “ correlation,” however, it must be shown that tbe 
nervous force may be the means of developing electricity; and it^seems the only 
feasible method of accounting for the results of the experiments of Daw, Faraday, 
Matteucci, and others, upon the Electric Fishes, to look upon the development of 
electricity as the result of the action of their nervous force upon the peculiar organic 
apparatus to which its production is attributed. For the electric power has been 
ascertained to be entirely dependent upon the connection of that apparatus with 
the nervous centres, by nerve-trunks of large size, whose branches are distributed 
with extraordinary minuteness through the ultimate subdivisions of the electric or¬ 
gans ; if these nerves be wholly divided, the electric discharge can no longer be called 
forth in tbe usual mdde; if they be partially divided, the electric power is propor- 
tionably weakened; if the “ electric lobe ” of the encephalon be destroyed, removed, 
or injured, the electric power is annihilated or weakened, in precise accordance with 
tbe degree of damage inflicted; whilst, on the other hand, if the w electric lobe ” be 



DR. CARPRNT?R QN, TtffrtM WUAfh JtBLAWWNS OP 


m 

mec^ajij^aPy if the nerves prfice^ing fiw it be excited to actHm* even 

after their separation from the central org$9i electric manifestations are obtained, 
the intensity of which is proportional to the excitement of nervoospoweir thttseffectied. 
Virions other phenomena recorded by Mattbucci make it evident, that thc amount 
of electric force generated by the eleqtri^al apparatus is in, precise accordance with 
the amount of nerypns force which is tcap^ntted to it*, .. • * ' » 

Thus it appears that whilst electricity excites nervous force through the instru¬ 
mentality of the nervous structure, nervous force excites electricity through the in¬ 
strumentality of the electrical apparatus ; and the case seems to be one which points 
directly to the existence of the same kind of relation between nervous force and, elec¬ 
tricity, as exists between electricity and magnetism, heat, chemical affinity, &c M 
whatever may be thefonn in which we think it best to express our notion of that re¬ 
lation. No one, the author believes, who has once adopted the idea of “ correlation " 
as subsisting among the physical forces, can look at the peculiar connections to which 
he has adverted, as existing between the nervous and electrical forces, without per¬ 
ceiving how completely it is applicable to them. And he cannot but think that some 
such idea must have been present to the mind of Prof. Mattbucci, although be has 
not met with any distinct expression of it in his writings f*. 

But Electricity is not the only physical force possessing this peculiar relation to the 
nervous force. 

Our sensations of heat and cold are entirely dependent upon the power which Heat 
possesses pf exciting nerve-force in the sensory nerves. Further, if heat be applied 
to a motor nerve in its course, it will call forth muscular contractions; and if ap¬ 
plied to a sensory nerve, it will occasion sensations, both common and special; pre¬ 
cisely after the manner of electricity. Conversely, there are phenomena well known 
to physiologists, which have not yet been explained upon the purely chemical doctrine 
of calorification, and for which it does not seem possible that any such explanation 
can account. Several of these phenomena appear to point to the nervous force as a 
direct agent in the production of heat; the amount of caloric thus generated being 

* The question whether a disturbance of electric equilibrium occurs during the contraction of a muscle, and 
whether this is to be looked upon as the direct result of the operation of the nervous force, or is consequent 
upon the molecular changes taking place in the muscle under the influence of that force, must be regarded as 
at present sub judice. If the former prove to be the case, we have another instance of the direct production 
of electricity by nervous force; if the latter, the same metamorphosis would seem to take place through the 
intermediate condition of muscular force. 

f [Since this paper was written, the author has had the satisfaction of learning, from the perusal of Prof. 
Matteucci’s Eighth Series of 44 Electro-Physiological Researches/' that he has formally adopted the doctrine 
of the correlation between the nervous and electrical forces, which the author had himself put forth, nearly two 
years before, in a review of Prof. Matteucci’s 44 Lectures." (See Brit, and For. Med.-Chir. Jleview, Jan. 1848* 
p. 2S2.) In addition to the proofs adduced above, Prof. Matteucci has furnished a new series, arising put pf 
the Action of an electric current transmitted through a muscle , on the nerves which ramify through it (Sfte 
p. 296 of the present volume of the Philosophical Transactions.)—Nov. 20th, }85Q.} (t > 
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proportional tb the expenditure of that force.—Tfaus°a ** correlation ” l ik ( distinctly 
indicated between Nervous force and Heat. 

Precisely tbe same may be said of Chemical Affinity ; for the application of various 
reagents tb the nerve-trunks may be made to call into action tbeir peculiar endow¬ 
ments, whether these be motor or sensory; whilst, on the other hand, there is ample 
evidence that the chemical properties of secretions may be greatly changed under 
the direct influence of nervous force. 

The power of Light to excite the nervous force is clearly indicated by the influ¬ 
ence of this agent upon tbe optic nerve, whose peculiar force is excited by the im¬ 
pression of light upon its peripheral extremities ; conversely, there are certain phe¬ 
nomena of animal luminosity, especially among the Annelida , which do not appear to 
be directly referable to chemical change, but which seem to be rather dependent 
upon a direct exertion of nervous power; vivid scintillations (resembling the lumi¬ 
nous effects of an electric discharge through a glass tube spotted with tin-foil) being 
excited by any irritation applied to the nervous system of these animals*. 

The relation of Motion to the nervous force is too Striking to be passed by. The 
peculiar vital endowments of a nerve ifl&y be called iiitb active exercise, as well by 
pinching or pricking it, as by electrical or chemical stimuli; thus by pressure on a 
nerve of common sensation, pain is excited; by pressure on a motor nerve, muscular 
contraction ; by pressure upon the eyeball, sensations oflight and colours may be pro¬ 
duced in complete darkness; pressure applied tb the meatus of the ear, so as to 
affect the auditory nerve, will give rise to a ringing sound; and by quickly but 
lightly striking the surface of the tongue, near its tip, with the finger, a distinct 
taste, sometimes acid, sometimes saline, is produced^. Conversely, the nervous force 
appears convertible into motion through the medium of the Muscular apparatus, just 
as it excites electricity through the instrumentality of the electric organs of Ftslifes. 
That tbe motor force thus generated is always proportional, cwteris paribus , to the 

* This is the conclusion at which the author arrived some years since, from observations which he made at 
Tenby on a small Annelidc (probably a species of Syllis), in which the luminous discharges are seen with ex¬ 
traordinary brilliancy, when the animal is subjected to irritation, as by slightly pinching or pricking it, or by 
the movement of the water around it. The same conclusion was contemporaneously arrived at by M. de Qua- 
trkfages, from observations made on the Annelida of the coast of France. “ En etudiant, & l'aide du micro¬ 
scope, de petites Ann Glides transparents, M. de Quatbekageb est arrive k decouvrir un rapport qurieux entre 
certains ph^norafcnes de phosphorescence animale, et l’influence de l’agent qui determine la contraction : tnu&* 
culture, et qui, k plnsieurs 6gards, semble tant d’analogie avec i’electricite. II est probable que la lumi^re 
plus ou moms vive, que repandent un grand nombre d’animaux infdrieurs, ne depend pas toujours de la iu£me 
cause; que tan tot e'est un phenomene qui accompagne la decomposition des matures organiques, et que d’autre* 
fois c‘est le resultat de la s£cr6tion d’un liquide particular; mais il est probable que, d&ns un grand nombre 
de cas, la cause de la phosphorescence est enticement physique, et se Vie, comme la contraction musculaire, d 1'in¬ 
fluence nerueuse .”— Happort sur une S6rie de Mdmoires de M. A. de Quatrefagks, relatifs k 1* organisation d«s 
Animaux satis Vertfcbres des €dtes de la Manche, par M. Milne-Edwakds (Annkies des Sciences Natuxellea, 
Tp^ito«Sdrte,tom. ! i.'p.23). / J^ t 

+ See Dr. Balt’s Translation of MClLbe’b Physiology, p! 106'2. * 1 '' ’ 
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degree of nervous power exerted, will be (tbe author believes) disputed by no physio¬ 
logist ; it is most remarkably illustrated in the extraordinary force developed under 
tbe influence of emotional excitement, which often calls forth a much greater measure 
of muscular power than the will can command. 

Of tbe relations between Magnetism and the nervous force, the author thinks it 
preferable to say nothing more at present, than that various indications appear to 
him to be afforded, by recent investigations, of the existence of a direct and influential 
connection*. 

The relation thus pointed out between Nervous agency and the various Physical 
forces, is the more remarkable, when it is considered that the nervous power must be 
regarded as the highest of all tbe forms of vital force, both in its relations to mental 
action, and in its dominant power over organic processes of every kind. Considering 
how closely, as already pointed out, it is correlated to the forces concerned in mus¬ 
cular and ciliary movement -j-, in nutrition and secretion, in development and repro¬ 
duction, it cannot be thought improbable that what is true of it should be true of 
them also; and that a relation of mutual convertibility should exist between these 
and one or more of the physical forces. Such relations the author believes to exist; 
and he now proceeds to adduce facts which appear to him adequate to support that 
belief. 

The muscular force may be called forth, as is well known, by electricity directly 
applied to the muscle itself; by heat, cold, and chemical agents; and by mechanical 
irritation. These agencies, however, do not appear so directly concerned in the produc¬ 
tion of the motor power, as in occasioning that metamorphosis of living organized tissue 
into chemical compounds, whereon the development of the muscular force seems to be 
immediately dependent. It is now universally admitted that the disintegration of a 
certain amount of muscular tissue, and the new arrangement of its components in 
combination with oxygen supplied by the blood, is necessary for tbe development of 
its contractile force; and the considerations adduced by Prof. Liebig render it highly 
probable, that the muscular contraction may be regarded as proceeding from the ex¬ 
penditure or metamorphosis of the cell-force, which ceases to exist as a vital power, 
in giving rise to mechanical agency. The amount of muscular force developed ap¬ 
pears to bear an exact correspondence with the amount of urea formed by the meta¬ 
morphosis of the muscular tissue ; and this metamorphosis involves the cessation of 
its existence as a living structure, and consequently the annihilation of the vital 

* Whatever scientific value we might have otherwise been disposed to attach to the researches of Baron von 
Rbichbnbach on “ Magnetism, Crystallization, &c. in their relations to Vital Force,” they seem to derive some 
additional claims on our attention from the discoveries of Prof. Fahaday in regard to the universal operation of 
the magnetic force, and its relations to light and to the polar force of crystals,—-discoveries which, be it ob¬ 
served, had not been made when the phenomena observed by Baron von Reichenbach were first made public. 

t In man and the higher animals, the ciliary movement does not appear to lie in any degree controllable 
by nervous agency; but there can scarcely be a doubt that in the Rotifera it is thus governed. 
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forces which that structure possessed. We are, then, to regard the nervous, elec¬ 
trical, and other stimuli, under whose influence the muscular force is called forth, 
less as the immediate sources of that force, than as furnishing the conditions under 
which the vital force acting through the muscle is converted into the mechanical 
force developed in its contraction. 

We do not yet know enough of the conditions under which ciliary movement takes 
place, to enable us to affirm that the production of mechanical motion through its 
means is in like manner the result of an expenditure of vital force; but the considera¬ 
tions formerly adduced in regard to the relation of ciliary action to other vital mani¬ 
festations, together with the remarkable similarity between the influence of strychnia, 
opium, electric discharges, &c. upon the ciliary movement and upon muscular con¬ 
tractility, leave little room for doubt that what is true of the muscular force is true 
also of ciliary motion, and that it, too, is to be regarded as directly depending upon 
a conversion of vital force into mechanical motion. The continuance of motion in 
the cilia appears to be intimately related to changes taking place in the cells on which 
they are borne; and its persistence after the xletachment of these cells from the re¬ 
mainder of the body, like the persistence in the contractility of muscular fibre which 
has been completely isolated from all its connections, proves that we must look to 
forces existing in them, and not to influences derived from any other source, for the 
maintenance of this curious operation. 

Passing from these particular manifestations of vital force, which so remarkably 
indicate its relations to physical agencies, to those which, being concerned in the 
development and growth of organized structures, seem to have less in common with 
them, we shall fix our attention on the fundamental fact, that these Organizing forces 
(as we may conveniently designate them) are so completely dependent upon the con¬ 
tinual agency of Heat (and in some cases of Light also), that they may be considered 
as the manifestations of the action of heat upon organized fabrics. 

The necessity for this agency may be seen at every period of the life of organized 
beings of all kinds. In the lower tribes of animals, and in the entire vegetable king¬ 
dom, we trace this dependence in the precise relation between the vital activity of each 
individual , and the amount of heat which it receives from external sources . Every spe¬ 
cies is adapted to flourish within a certain range of temperature; and that amount 
of heat which is most effective in sustaining the life of one species, may be injurious 
or even fatal to another. But within the range which is compatible with the mani¬ 
festation of its vital powers, we find that the relation is most constant between the 
temperature and the organizing force exhibited by each species. It is scarcely neces¬ 
sary to accumulate facts in support of a position so generally admitted; but the 
author particularly wishes to direct attention to the definiteness and exactness of this 
relation, and may instance the following facts as examples. 

L According to Boussingaclt, the same annual plant, in arriving at its full de¬ 
velopment, and going through all the processes of flowering and maturation of its 

5 c 2 
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seed 4 < everywhere receives ike same amount of solar light and heat, whether it be grown 
at the. equator or in the temperate zone; its rate of growth being in a precisely inverse 
ratio to t he amount it receives in any given time. Hence it appears that the organizing 
forca pf Plants bears a relation of equivalence to the Heat and Light which act upon 
theca. 

u ,9k This has been separately demonstrated witli regard to the special influence of 
Light,, in producing the decomposition of carbonic acid and the formation of chloro- 
phyll, &c.; the amount of carbon fixed by plants being cceteris paribus in accordance 
with.the amount of illumination they receive. The influence of Light, it may be re¬ 
marked, seems to be exerted only in this peculiar process of vital chemistry; whilst 
that of Heat is:exercised in all the other operations in which growth consists; and 
hence it is that Animals are comparatively little dependent upon light, their food being 
prepared for them by the agency of the vegetable kingdom. 

3 . The rate of “ rotation ” of the fluid within the cells of Chara, &o., and the rate 
of “cyclosis” in the latex-vessels of Ficus elastica, &c., appear to be in precise rela¬ 
tion (within certain definite limits) with the temperature to which these organisms 
are subjected; the movement of the fluids being accelerated by warmth; and retarded 
or checked by cold *. 

4 . In cold-blooded Animals, the same relation may be seen, between the activity of 
the organizing processes, and the amount of Heat to which they are subjected. The 
production of larvse from the eggs of Insects, like the germination of the seeds of 
plants, may be accelerated or retarded at pleasure, simply by the regulation of the 
temperature; and the time required for the last metamorphosis is precisely in the 
inverse ratio to the heat supplied; so that, as in the maturation of the plant, each 
individual of the same specks receives the same amount of heat, whether the intensity 
of its action be greater or less. Further, it has been remarked by Mr. Paget-Jv that 
the processes of development.seem to require a higher degree of Vital force than those 
of simple growth ; and it.hprmonizes admirably with the doctrine here contended for, 
that there appears to be a necessity for a higher temperature for developmental ope¬ 
rations,. than for those of simple increase. Thus in the economy of the Social Bees; as 
shown by Mr,. Newport, there is a special provision for generating heat during the 
last, few hours of the metamorphosis, in which the tissues and organs of the imago are 
being completed; and in the Viper and some other ovo-viviparous Reptiles, there seems 
to be ; an unusual calorifying power, for the purpose of promoting the development 
of the embryo. So, again, it has been found by Dr. Edwards and Mr. HiooiNBorrroM 
that the metamorphosis rof Batraebia requires a larger amount of light and heat than 

, s - n ; - ■ > / ,j'tjl - 1 ' ‘ • . ■ - • I • - - • ' : * 

.* It ^vould almost seem as tf *om£ anti-vital influence, resembling that of “shock” in animate, epuld be 
exerted by mechanical injury on plants. When a portion of the leaf of Vallisneria is detached for the exhibi¬ 
tion of the movement of “ rotation " in it*cells, the movero^nt generally ceases for some little time; the appli¬ 
cation of warmth will usually re-exaite it j and it may then continue for several hours or even days. 

t Lectures on Repair and Eepradnctum. fywj** U' -v-*” - i */ ,w • 
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suffices fop their growth in the larva state, being retarded or even prevented by the 
want of a due amount of these agencies (see p. 753); and it has been also shown by 
Mr. Hiooinbottom that the development of new limbs in the Triton, to replace those 
which have been lost, cannot take place at a lower temperature than about 60°, although 
the processes of growth go on under a much less degree of heat*. The general proposi¬ 
tions enunciated by Prof. Milne-Edwards-)-, in regard to the geographical distribution 
of the Crustacea, indicate the existence of this relation in the most decided manner. 
They are, briefly, as follows:—I. The varieties of form and organization (which may 
be regarded as so many varied manifestations of the organizing force) increase as we 
pass front the Polar Seas towards the equator, the number of species thus augmenting 
greatly as we go southwards. II. The differences of form and organization are not 
only more numerous and more characteristic in the warm than in the cold regions of 
the globe; they are also more important. III. Not only are those Crustacea which 
are most elevated in the scale deficient in the polar regions, but their relative number 
decreases rapidly as we pass from the equator towards the pole. IV. The average 
size of the Crustacea of tropical regions is considerably greater than that of the tribes 
inhabiting temperate or frigid dimes. V. It is where the temperature is most ele¬ 
vated, that the peculiarities of structure which characterize the several groups are 
most strongly manifested. And VI., there is a remarkable coincidence between the 
temperature of different regions, and the prevalence of certain forms of Crustacea-.—*41 
is interesting to observe, that the want of a high temperature is no obstacle td the 
growth and multiplication of individuals of a comparatively small size and low grade 
of organization; the Arctic and Antarctic seas being as numerously peopled with 
such, as the tropical ocean is with higher forms. But the preceding statements point 
to a direct and definite relation between Ileat and the Organizing force, as mani¬ 
fested in this group of animals. A comparison of the facts relating to the geographical 
distribution of other classes of cold-blooded animals would probably justify the same 
conclusions. There can be no doubt of their general applicability to the Vegetable 
kingdom: 

5. 'Hie influence of temperature upon the general vital activity of cold-blooded 
animals is no less remarkable. The facts determined by the experiments Of Dr. W. F. 
Edwards* lead to this general conclusion;—that the rate of life of Batrachia and 
Fishes, of which the activity of their respiratory process is the exponent, varies 
directly (within certain limits) as the temperature of the surrounding medium j so 
t hat the duration of life , when these animals are deprived of air, either partially or 
completely, or are placed in any other oireumstances unfavourable to its sustenance, 
varies inversely with the external temperature. Thus when frogs were confined in a 
limited qhantity of water, and were not allowed to come to the surface to breathe, it 

* Proceeding* of the Royal Society, March 18, 1847. <• 

,.f Histaire del CnutenSs, tom. iii. p. 655 et sey* 

J On the Influence of Physical Agents on Life, pattiti t• - 
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was found that they died io from 12 to 32 minutes, when its temperature was 90°; in 
from 35 to 90 minutes, when its temperature was 72°; in from 350 to 375 minutes, 
when its temperature was 50°; and from 367 to 498 minutes, when it was cooled 
down to the freezing-point. The prolongation of life at the lower temperatures was 
not due to torpidity, for the animals performed the functions of voluntary motion 
and enjoyed the use of their senses; but it was occasioned by the diminished activity 
of all their functions, and their consequent less demand for air. On the other band, 
the elevation of temperature increases the demand for air, and occasions speedier 
death when it is withheld, chiefly by producing a vast acceleration in the rate at 
which all the operations, both of animal and organic life, take place. 

6. Although the warm-blooded animals are in great degree removed, by the inde¬ 
pendent calorifying power which they possess, from the influence of external tempe¬ 
rature, yet it is very easily shown that their vital activity is no less under the direct 
and immediate influence of heat, than is that of cold-blooded animals. In fact, it 
would seem to be for the sake of keeping up their vital energy to a certain high and 
uniform rate, that they are endowed with the heat-generating power; and if this 
power be not exercised, and the body be cooled down, its vital activity is reduced, 
and at last extinguished. From the experiments of Chossat* it appears that Birds 
and Mammals cannot (except in the case of the hybernating species) be cooled down 
more than 30° below their natural standard, without the entire suspension of their 
animal and organic functions. This depression of temperature consequent upon pro¬ 
longed starvation, was found to take place as soon as all the fat and other disposable 
materials in the body had been burned off. But so soon as animals thus reduced to 
a moribund condition were subjected to external heat, which artificially raised the 
temperature of their bodies, their sensibility and muscular power were renewed; 
they flew about the room, and took food when it was presented to them ; and their 
secretions were restored. If this artificial assistance was prolonged, until the digested 
aliment was prepared in sufficient amount to maintain the combustive process, they 
recovered; but if it was withdrawn too soon, they died.—The hybernating species of 
Mammalia differ from the rest essentially in this, that the lowering of the tempera¬ 
ture of their bodies does not destroy their vitality, but merely suspends their activity, 
so that they are reduced for a time to a condition in all respects comparable to that 
of cold-blooded animals but little removed above absolute torpidity; and in this 
condition, all that has been said respecting the influence of external temperature upon 
the rate of life of cold-blooded animals, applies to them also. 

The vast mass of facts, of which the foregoing are examples, appears to the author 
to justify the conclusion, that Heat is something more than a stimulus capable of 
arousing a dormant vital force; but, on the other hand, they by no means justify the 
assumption that heat and the “ vital principle ” are identical. That Heat, acting upon 
or through an Organized structure, then manifests itself as Vital force,—or that beat 

* Experiences sur l'lnanition. 
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and vital force are “ correlated,”—seems to be the expression of their mutual depend¬ 
ence, which is most in accordance with all our knowledge of the influence of heat 
upon organized beings; whilst conversely (as will be shown hereafter) it accords 
with the fact of the restoration to the inorganic world—under some form or other— 
of all th e force thus withdrawn from it. 

It may serve, however, to bring this idea into contrast with the notions usually 
entertained, and to illustrate its application more fully, if it be considered in its re¬ 
lation to the Development of any highly organized being from its primordial germ¬ 
cell. According to the doctrine current among some physiologists, the whole “ or¬ 
ganizing force,” “ nisus formativus,” or “ bildungstrieb,” which is to be exerted in 
the development of the complete structure, lies dormant in this single cell, the germ 
(it has been affirmed) being “ potentially” the entire organism. And thus all the or¬ 
ganizing force required to build up an oak or a palm, an elephant or a whale, is 
concentrated in a minute particle only discernible by microscopic aid. 

As a refuge from this doctrine, which seems almost too absurd ever to have gained 
believers, other physiologists (among whom the author formerly ranked himself) 
have affirmed that vital force must exist in a dormant condition in all matter capable 
of becoming organized; that the germ-cell, in drawing to itself organizable mate¬ 
rials, and in incorporating these into the living structure, does nothing else than 
evoke into activity their latent powers ; and thus that, with every act of growth and 
cell-multiplication, new vital force is called into operation, whereby the process is 
continually maintained. This proposition, it may be safely asserted, does not involve 
any manifest absurdity. It attributes to oxygen, hydrogen, carbon, and nitrogen, 
properties which they were not previously supposed to possess; but no one could 
logically deny to these elements the possession of dormant vital powers, whilst they 
held that a dormant magnetic power might be attributed to iron. In the one case, 
as in the other (it may be affirmed), a certain combination of conditions is needed 
to call the property into exercise; and the living cell, combining the elementary sub¬ 
stances into the pabulum of its growth, and then applying this to its own nutrition, 
calls their latent vital properties into activity,—just as (it has been argued) an electric 
current, made to circulate around a piece of iron, developes the latent magnetic force 
of that metal. 

The views of Prof. Grove, however, strike at the root of the notion of latent force 
of any description whatever; all force once generated being, in his estimation, perpe¬ 
tually active under one form or other; and its supposed “ latency” being a hypo¬ 
thetical condition, the idea of which is quite unnecessary when the force which has 
ceased to manifest itself is recognized under some other form. Thus, in bis view, 
when iron is rendered magnetic by an electric current, the development of the mag¬ 
netic force is rather to be looked on as the result of the conversion of the electric, by 
the instrumentality of tbe iron, than as a case of the excitation of one force previously 
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dormant, by another which is expended in thus evoking it. Such an analogy should 
rather lead the physiologist to look for some extraneous source of the organizing 
force; and to suspect that when organizable materials are applied to the extension of 
a living structure, and are caused to manifest vital forces, some agency external to the 
organism is the moving spring of the whole series of operations. And thus, according to 
the view here advocated, the vital force which causes the primordial cell of the germ 
first to multiply itself, and then to develope itself into a complex and extensive organ¬ 
ism, was not either originally locked up in that single cell, nor was it latent in the 
materials which are progressively assimilated by itself and its descendants; but is 
directly and immediately supplied by the Heat which is constantly operating upon it, 
and which is transformed into vital force by its passage through the organized fabric 
that manifests it. The facts already cited, which show how completely dependent the 
process of germ-development, both in plants and animals, is upon the constant 
agency of heat, and how precisely its rate may be regulated by the measure of that 
force supplied to it, appear to the author to be so much better accounted for upon 
this view than upon either of the others, that he ventures to think that they de¬ 
monstrate it almost as fully as the nature of physiological evidence will admit. 

Having thus contrasted the doctrine for which he is contending, with those which 
are current among physiologists, the author thinks it well to point out that he no 
more regards heat as the “ vital principle,” or as itself identical with the “ vital 
force,” than it is identical with electricity or with chemical affinity. Nor does he in 
the least recognize the possibility, that any action of heat upon the inorganic ele¬ 
ments can of itself develope an organized structure of even the simplest kind. The 
pre-existence of a living organism, through which alone can heat be converted into 
vital force, is as necessary upon this theory, as it is upon any of those currently re¬ 
ceived amongst physiologists. And it is the speciality of the material substratum 
thus furnishing the medium or instrument of the metamorphosis, which in his opi¬ 
nion establishes, and must ever maintain, a well-marked boundary-line between the 
Physical and the Vital forces. Starting with the abstract notion of Force, as ema¬ 
nating at once from the Divine Will, we might say that this force, operating through 
inorganic matter, manifests itself in electricity, magnetism, light, heat, chemical affi¬ 
nity, and mechanical motion; but that, when directed through organized structures, 
it effects the operations of growth, development, chemico-vital transformation, and 
the like; and is further metamorphosed, through the instrumentality of the struc¬ 
tures thus generated, into nervous agency and muscular power. If we only knew of 
heat as it acts upon the organized creation, the peculiarities of its operation upon 
inorganic matters would seem as strange to the physiologist, as the effects here attri¬ 
buted to it may appear to those who are only accustomed to contemplate the physi¬ 
cal phenomena to which it gives rise. 

The variety of organic forms called forth by the agency of heat, which may be 
regarded as the products of its operation upon living germs, does not present any 
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real obstacle to thereoeptionof {(bis doctrine; since in jtny hypothesis which asspines 
a common force as operative in, the living kingdom^ of nature, it is necessary to 
admit that this force is modified in its action by the properties of the germ, just as 
that the general force of chemical affinity manifests itself differently in the reactions 
of each elementary and composite substance. And just as the chemist seeks, to de¬ 
termine tiie laws of chemical affinity by observation <}pd experiment, so does the 
philosophic physiologist aim to discover the general pl$n on which the vital force is 
exerted, in the production of the wonderful series of organized structures which have 
successively presented themselves on this globe. 

In speaking of Heat as the physical agent especially concerned in the development 
of living organisms, and in the maintenance of their activity, the author would by 
no means leave out of view the other physical forces, all of which, if correlated to 
each other, as well as to the vital forces, must be capable of exerting an important 
influence on these processes. He has merely selected Heat, as the one whose opera¬ 
tion is most extensive and most easily demonstrated; and every fact which indicates 
that other physical agencies are also in operation, will (of course) only add weight to 
bis argument. To the universally-admitted agency of Light, in directly exciting one 
(at least) of the most important processes of vegetable growth, reference has already 
been made. But there is evidence that light has an influence upon certain processes 
of development, which cannot be accounted for by its agency in the fixation of car¬ 
bon from the atmosphere, and in the production of organic compounds. One of the 
most remarkable examples of this agency is furnished by the experiments of Mirbej. 
upon the gemmae of Marchantia polymorpha. He found, after repeated trials, that 
during the development of these little discs, stomata are formed on the side exposed 
to the light, whilst root-fibres grow from the lower surface; and that it is a matter 
of indifference which side of the disc is at first turned upwards, since each has the 
power of developing stomata, or roots, according to the influence it receives*. The 
experiments of Dr. W. F. Edwards indicate that a decided influence is exerted by 
light upon the metamorphosis of the Batrachia; since, according to his statements, 
when tadpoles, arrived at nearly their full growth, were secluded from the influence 
of light, but were supplied with aerated water and food, they continued to increase as 
tadpoles (so as to attain an extraordinary size, doubling or even trebling their usual 
full weight) without undergoing any metamorphosis ■f*. The influence of light upon the 

* Nouvelles Annates do Mus€um, tom. i. >-i- 

f On the Influence of Physical Agents on Life, p. S3.—The results of the recent experiments -of Mr. LLo- 
qikbottom appear to negative those obtained by Dr. Edwards, and to show that metamorphosis is only re¬ 
tarded by privation of light, when accompanied by reduction of temperature. But tire remarkable fact above 
quoted from Dr. Edwards’s statements, to which Mr. Hioginsottom has recorded nothing parallel, shows 
that there was some difference in the conditions of the two sets of experiments, which should prevent us from 
aattiag aside those statements, made (as they are) by a most trustworthy observer, -until they shad have been 
vnMtwfuUjr disproved. . ! " 1 ■ ■ ••<*. •< i.-i. 
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minute Eotomostracous Crustacea is well known. Tbeir development is greatly re- 
tarded bythe want of it; and tbe exuviation of tbeir shells, which normally takes 
place at short intervals when they have attained tbeir complete form and size (ap¬ 
parently for the purpose of freeing them from the minute plants with which tbeir sur¬ 
face becomes clothed), is much less frequently performed*. With these foots before 
us, we can scarcely refrain from suspecting that the deprivation of light may be the 
cause of the atrophy of the visual organs in certain animals which pass their whole 
lives in complete seclusion from its influence. This condition, which has been long 
known to exist in the common Mole, and also in the Proteus anguineus, and which 
has also been discovered in the Amblyopsis spelceus, a fish inhabiting the waters of 
the Great Cave of Kentucky, has recently been detected in a considerable number of 
species of Insects discovered in the very caverns of the Tyrol whose waters afford a 
habitat to the Proteus-f-. It may be supposed that the non-development of eyes in all 
these animals is a part of their original constitution, and is to be looked upon as an 
example of the adaptation of their organisms to the peculiar conditions of tbeir exist¬ 
ence ; and such a view cannot at present be positively disproved. But the actual de¬ 
pendence of the nutrition of the visual organs, or (at least) of the nervous apparatus 
which forms the essential part of them, upon the continued agency of light, appears 
from the well-known fact, that if, by the complete opacity of the cornea, light is 
entirely prevented from entering tbe eye, the retina and the optic nerve become 
atrophied, and in time altogether lose their characteristic structure; thus clearly in¬ 
dicating the direct influence of light in keeping up those nutritive actions, by which 
the integrity of that structure is normally maintained. 

That Electricity, also, has an important influence on the operations concerned in 
the development and maintenance of organized structures, can scarcely be doubted by 
any one who duly considers the proofs of the disturbance of the electric equilibrium 
in those parts of vegetable as well as animal bodies which are in a state of greatest 
functional activity, afforded by the observations and experiments of Prof. Matteucci 
and others. At present, however, it would be premature to make any positive state¬ 
ment as to its modus operandi ; although it would certainly appear most probable 
that it is more directly related to the chemico-vital changes of composition which 
take place in the living body, than to the operations of cell-growth, multiplication, 
and development, properly so called. 

If the views advocated in this communication be correct, it follows that not merely 
are the materials, withdrawn from the inorganic world by vital agencies, given back 
to it again by the disintegration of the living structures of which they have formed 

* See Dr. Baird’s •• Natural History of the Entomostracous Crustacea” (published by the Ray Society), p. 
192. 

+ Specimen Fauna Subtenant a, Bidrag til den undeijordiske Fauna, ved J. C. SchiOdts : Kjobenharn, 
1849. 
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a part, but all the forces, which ‘are operative ia producing the phenomena of life, 
are in the first place derived from the inorganic universe, and are finally restored to 
it again. The author thinks it not difficult to show that such is actually the case t 
the very same antagonism existing, in respect to the relation of the Vegetable and 
Animal kingdoms respectively, to the forces of the universe, as exists in regard to 
their material components. Plants, it will be recollected, form those organic com¬ 
pounds at the expense of which animal life (as well as their own) is sustained, by the 
decomposition of carbonic acid, water, and ammonia; and the light, by whose agency 
alone these compounds can be generated, may be considered as metamorphosed into the. 
ckemico-vital affinity by which their components are held together. The heat which 
plants receive, acting through their organized structures as vital force, serves to aug¬ 
ment these structures to an almost unlimited extent, and thus to supply new instru¬ 
ments for the agency of light and for the production of organic compounds. The 
whole nisus of vegetable life may be considered as manifested in this production ; and 
.in effecting it, each organism is not only drawing material, but force, from the uni¬ 
verse around it. Supposing that no animals existed to consume these organic com¬ 
pounds, they would be all restored to the inorganic condition by spontaneous decay, 
which would reproduce carbonic acid, water, and ammonia, from which they were 
generated. In this decay, however slow, the same amount of Heat would be given 
off, as in more rapid processes of combustion ; and the faint luminosity which has 
been perceived in some vegetable substances in a state of eremacausis, makes it pro¬ 
bable that the same is true of Light. And though the process of decay may be pre¬ 
vented or modified, so that the whole or a part of the materials of vegetable structures 
are disposed of in other ways, yet whenever they return to the condition from which 
they were at first withdrawn, they not only give back to the inorganic world the ma¬ 
terials out of which they were formed, but the light and heat to which their produc¬ 
tion was due. Thus in making use of the stores of Coal which have been prepared 
for his wants by the luxuriant flora of past ages, man is not only restoring to the at¬ 
mosphere the carbonic acid, the water, and the ammonia which it must have con¬ 
tained in the carboniferous period, but is artificially reproducing the Light and Heat 
which were then expended in the operations of vegetable growth. That the relative 
proportion of the light and heat thus restored, should be the same as that which they 
originally bore to each other, is by no means necessary; since each (according' to 
Prof. Grove’s views) is convertible into the other*. In the few cases in which motion 
is affected by the vital force of plants, this may be considered as restoring to the in¬ 
organic universe a certain measure of the force which they have derived from it, in 
the form of light and heat. 

But the organic compounds which the agency of Light and Heat upon the Vege- 

* [|q the second edition of his Essay on the “ Correlation of the Physical Forces/* just published, Prof. Grove 
advances the opinion (p. 59) that when Light is “ absorbed ” (to use the ordinary phraseology), that is, when it 
oaases to manifest itself a$ light, it is usually converted into Heat.—Nov. 20, 1850.] 
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table structures has produced, are destined for a much higher purpose than that of 
being merely given back to the inorganic universe by eremacausis or combustion. In 
serving as the food of Animals, they not merely become the materials of their struc¬ 
tures, but are rendered subservient to the production of the nervous and muscular 
forces. The animal, like the plant, receives heat from external sources; and this is 
expended, in the form of vital force, not merely in the building-up of the organism 
from its germ, but also in its subsequent maintenance. For, as was first definitely 
stated by Prof. Liebig, the vital force, which is applied in PlantB to the extension of 
the structure, is appropriated in Animals to the development of muscular and nervous 
power; and this development, depending as it does upon a continual disintegration 
of the tissues which are its instruments, requires as continual a reconstruction of 

them. The organizing force required for this reconstruction or maintenance, appears, 
like that employed in the original operations of development, to be supplied by Heat; 
and it is a confirmation of this view, that we should find a provision (in those classes 
of animals which are constructed for the greatest development of nervo-muscular 
power) for the maintenance of a constantly high temperature, by the combustion of 
a portion of the organic compounds supplied to them as food.—Of the amount of light 
which is appropriated by Animals, we have no means of forming an estimate; but 
from the limited nature of its action on their economy, it probably bears an insignifi¬ 
cant proportion to that which is applied to the purposes of vegetable nutrition. Thus, 

then, the forces on which the animal is essentially dependent, are the affinities which 
hold together the elements of its food, and which are embodiments (so to speak) of 
the light and heat by whose agency they were combined; the heat, which it derives 
in part from the physical universe, and in part from the combustion of some of its 
alimentary materials; and the small amount of light required by them, which is sup¬ 
plied from external sources alone. These forces may be considered as in a state of 
continual restoration during the whole life of animals, in the heat, light, and electri¬ 
city, and still more in the motion, which they develope; and, after their death, in the 
production of beat and light during the processes of decay. During animal life there 
is a continual restoration to the inorganic world of carbonic acid, water, and ammo¬ 
nia ; and the amount thus given up by the animal organism bears an exact propor¬ 
tion, on the one hand, to the amount of heat and motion which are generated by it, 
and on the other to the amount of organic compounds consumed as food. So that, 
on the whole there is strong reason to believe that the entire amount of force of all 
kinds (as of materials) received by an animal during a given period, is given back by it 
during that period, his condition at the end of the term being the same as at the be¬ 
ginning. And all that has been expended in the building up of the organism, is given 
back by its decay after deatb. 

* 

In bringing this communication to a close, the author would remark, that be has 
not sought in it to increase the knowledge of existing/acfc, so much as to develope new 
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relations between those already known. He has preferred, in foot, rather to bnild 
upon the foundation afforded by the generally admitted facts of Physiological 
science*, than to go in search of phenomena, bis account of which might be questioned 
by those indisposed to admit his leading ideas. If those ideas be correct, they will 
be found, he believes, to afford a precision to Physiological doctrines which they have 
never before possessed; and to open out a vast number of new lines of inquiry, which 
promise an ample harvest of results, not only valuable in a scientific view, but likely 
to be fertile in applications to various departments of the therapeutic art. At any 
rate, it is very important that Physiological science should be considered under the 
same dynamic aspect, as that under which the Physical sciences are now viewed by 
the most enlightened philosophers; and he trusts that the present attempt may thus 
aid in its advancement, even if it should answer no higher purpose. 


Supplementary Note .—[Since the foregoing paper was written, the author’s atten¬ 
tion has been drawn to the fact, that Mr. Newport had been led, in the year 1845— 
“ by the close relation shown by Dr. Faraday to subsist between light and electri¬ 
city, and by Matteucci between electricity and nervous power, and by the known de¬ 
pendence of most of the functions of the body on the latter ”—“ to consider light as 
the primary source of all vital and instinctive power, the degrees and variations of 
which, he suggested, may, perhaps, be referred to modifications of this influence on 
the special organization of each animal body.” (See “Athenaeum” for Dec. 6, 1845.) 
These views were embodied in a paper “ On the Natural History of Melon ,” presented 
to the Linnaean Society, and printed in the 20th volume of its Transactions. But as 
the passages in which they had been enunciated were omitted by the desire of the 
Council of that Society, no other public record of them exists than that just cited.— 
Nov. 20, 1850.] 

* [To hi* mode of stating some of these facts, the author is aware that exceptions may be taken; but he 
trust* that it may be perceived that his argument is a cumulative one, and that his conclusions rest upon a large 
number of independent probabilities. Consequently, even if some of his data should be found questionable, it does 
not follow that the validity of his general doctrine is disproved.—Nov. 20, 1850.] 
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XXXVII. On the Condition of certain Elements at the moment of Chemical Change . 
By Benjamin Collins Brodie, Esq.> F.R.S 


Received June 6,—Read June 20, 1850. 

*1 HE experimental inquiry which I now lay before the Society is so intimately con¬ 
nected with certain theoretical considerations, in which it took its rise, and which 
are necessary to its right comprehension, that I am unwilling to separate them. 
These considerations alone can explain why it appeared to me desirable to devote 
much time and labour to the determination of a simple analytical problem, which it 
has been open for the last thirty years to any chemist to undertake, but which, 
although doubtless connected with some of the most curious and obscure phenomena 
of chemical science, no one has thought it worth his while to enter upon. The reason 
of this may have been, that from other points of view this inquiry seemed of little 
importance, or, which is also probable, the question may have been, at various times, 
partially investigated, and the answer to it thought to be other than what it truly is, 
because approached from a wrong side. I shall therefore lay before the Society 
theory as well as experiment; for the theory is necessary to render the experiment 
intelligible, although this latter, in so far as it is true, has an independent value, and 
may be explained by others in some totally different manner. 

The difference which chemists draw between the chemical elements and all other 
bodies, is far greater and indeed of altogether another kind to that which exists be¬ 
tween any two compound substances. Other bodies are composed and decomposed ; 
but applied to the elements, these words are altogether inappropriate; when the ele¬ 
ment is formed there is no chemical synthesis, and when it passes from the free to 
the combined state, there is no chemical decomposition. This difference the atomic 
theory expresses by assigning to the two classes of bodies a different molecular con¬ 
stitution. The element it considers as consisting of single and isolated atoms, and 
all other bodies as systems more or less complex of combined particles. This fun¬ 
damental difference of conception is well given in the following passage from Ber¬ 
zelius*: —“ Les atonies d’un tnSme corps 6l6mentaire ne possfedent aucune force de 
combinaison mutuelle; ils n’adh&rent ensemble qu’en vertu de la force d’agr^gation. 
Plus deux corps 616vnentaires se ressemblent quant k leurs propri6t6s chimiques, moins 
ils tendent k s’unir, et le nouveau corps qui resulte de leur combinaison, a tant d’ana- 
logies avec ses 61£ments constituants, qu’il differe peu d’un melange m^canique. 
Plus, au contraire, les corps 616mentaires different de propri6t£s chimiques, plus la 
* Bkkzslius, Traite de Chimie, Paris, 1845, vol. i. p. 25. 
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force de combinaison qu’ils exercent les uns sur les autres est grande et pins ansei 
les proprifitfis de leurs composes different de celles de leurs 6l6ments. C’est 14 un 
probl&me dont je ne pourrais entreprendre la solution qu’en traitant de l’influence de 
r61ectricit£ sur la raati&re.” 

11118 view, although the received doctrine, has not passed quite unquestioned. 
Ampere invented a molecular theory, which led him to conclusions inconsistent with 
it. For reasons not of a chemical nature only, but which had reference prin¬ 
cipally to the propagation of light and sound and to other physical phenomena, he 
had arrived at the idea that in every chemical substance there were what may be 
called three forms of matter, the indivisible atom, the molecule or system of atoms, 
and the particle or system of molecules. He conceived, moreover, that every gas 
contained in the same space an equal number of these molecules. From this it was a 
necessary inference, that in that contraction which takes place when oxygen and hy¬ 
drogen combine to form water, a division must take place of the elemental molecule. 
He considered that the oxygen divided, half a molecule of oxygen combining with 
each molecule of hydrogen*. On this view therefore the atoms, even of the elements, 
formed wbat was in a certain sense a compound group. The discovery of isomeric 
forms of hydrocarbon in different states of condensation, and of other similar facts, 
gave rise to new ideas as to the possible differences of bodies, and explanations simi¬ 
lar to that by which the differences between certain isomeric organic bodies have 
been accounted for came to be applied to the case of the elemental bodies themselves. 
Thus the allotropy of sulphur has been explained by assuming it, in its various forms, 
to be the same substance in different states of condensation, in which case the dif¬ 
ference between these forms might be expressed by giving to them the different che¬ 
mical formulae of S, S 2 , S 3 . Those physical relations however of density and specific 
heat, which might give a true scientific value to such speculations, and prove that 
these substances were really thus connected, have not yet been made out to exist; nor 
indeed has any fact been discovered which places such a notion beyond a conjecture. 
Graham again, to explain the mode in which the metals conduct electricity in the 
voltaic circuit, assigns to these bodies wbat he terms a sali-molecular structure, and 
regards them as consisting of two atoms of a chlorous or acid combined with one atom 
of a zincous or basile element, “ the three atoms of the molecule being of one metal 
and of the same nature^.” The latest work in this direction is a paper of M. Lau¬ 
rent, in which he has attempted, among other things, to account for the differences 
in the different classes of salts of the same metal in which, hitherto, different oxides 
of a different degree of saturation have been supposed to exist, by assuming them to 
contain different molecules or atomic groups of the metal; and be has shown how, on 
this idea, our classification of chemical substances may be much simplified; on this 

* Annales de Chimie, vol. lviii. p. 434. See also Gbbbabdt, Compte* Rendu* de* Tmvntx de Ghimie, 1847, 
p. 90, note; 

f See Gbabaii's Chemistry, Ed. 1842, pp. 226 and 641. 
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view it is necessary to suppose that the present elemental atoms are susceptible of 
a yet further division*. 

These ideas, however philosophical and suggestive, are yet, it must be allowed, very 
hypothetical. The proof of the compound nature of a chemical substance is of a very 
simple kind. It lies in the fact, that it has been made by the composition of certain 
parts, or broken up into those parts, or at least in some phenomena which are sup¬ 
posed to be the evidence of this. Indeed the rational formula of a chemical sub¬ 
stance is but a memorandum of its reactions, and a particular mode of expressing 
the law of the synthesis and analysis of the body, apart from which it has but little 
meaning. The true nature therefore and chemical formula of the elemental bodies, 
as of all other substances, is to be discovered by the study of the series of che¬ 
mical changes in which they arc formed, and by the phenomena which they pre¬ 
sent when they pass into the combined condition. There are even well-known facts 
of great importance in this point of view, some unexplained, and some, I conceive, 
misinterpreted. 

The point which I shall seek to establish is this,—that at the moment, of chemical 
change a chemical difference exists between the particles of which certain elemental 
bodies consist, perfectly the same in kind to that which exists between the particles 
of compound substances under similar circumstances, and on which the phenomena 
of combination and decomposition depend. That a peculiar chemical relation exists 
between two particles which combine, is generally admitted and expressed by the 
term affinity. The electro-chemical theory has defined more exactly in what this 
affinity consists, and states that the two particles are to one another in a positive and 
negative electric relation. But I do not know that it has ever been pointed out that this 
chemical relation—this affinity between the particles of a substance—is an essential 
condition of the decomposition as well as of the composition of the body. As I am 
about to infer a chemical difference between the particles of the element from the 
fact of their chemical separation, I must say a few words upon this point, and I shall 
simplify the whole question by stating briefly the mode in which I consider chemical 
change to be effected. I may do this sufficiently for my present purpose in the fol¬ 
lowing propositions:— 

]. That when two particles chemically combine, a certain chemical relation exists 
between them which is expressed by the terms positive and negative. The che¬ 
mical difference of the particles I term the difference between their conditions in 
this respect. 

2. That when chemical combination takes place between the particles of which any 
two or mote substances consist, a chemical difference exists between the particles of 
each substance, so that the particles of the same substance are to one another in a 
positive and negative relation. 

3. That the chemical relation between any two particles of these substances is 

* Comptes Rendu# des Travaux de Chimie, August 1849. 
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determined by tbe chemical relation of all the other particles with which they are 
for the time being associated. Substances, the particles of which are to one another 
in this peculiar chemical relation, I term chemically polar. 

Tbe electro-chemical theory was developed before even the true laws of tbe propa¬ 
gation of electricity bad been discovered, and in the above propositions I have but 
transferred to chemical change some of the more exact ideas as to the nature of elec¬ 
tric action which have since arisen; and we may transfer the ideas and mode of 
thought without making any hypothesis as to the mutual relation of the phenomena. 
This is not the place to enter fully on this question, and I shall confine myself to the 
application of these principles to explain certain phenomena of change in compound 
substances, to which I shall presently show the parallel in the case of the element. 
These phenomena are those which go under the name of the “ phenomena of the 
nascent state.” 

Silver cannot be oxidized by .the direct action of oxygen on the metal, but oxide 
of silver is readily formed by boiling the chloride of this metal with potash. The 
particles of oxygen and silver have therefore acquired by this association with the 
chlorine and potassium a chemical relation or affinity which at other times they 
have not. This is the fact. The rational conception of tbe fact is given in the ex¬ 
pression 

Ag Cl K Q=AgO-fKCl, 

in which I have indicated the polar relation of the substances. The chemical re¬ 
lation therefore between the oxygen and silver is essentially dependent on the che¬ 
mical relation between the oxygen and potassium, in the same way as a negative 
and positive electricity are related to each other. The same is true of the relation 
between any other two particles of the system. Hence chemical decomposition is an 
essential condition of chemical combination; so that when we see one of these events 
we may infer the other. 

On the other hand, where this polar division of the substance cannot take place, 
there is no chemical action, or at any rate it takes place with greater difficulty; thus 
anhydrous sulphuric acid may (as has been shown by Millon) be distilled off carbo¬ 
nate of potash without alteration, and generally the so-called anhydrous acids have 
none of the combining properties of the hydrates to which they correspond. The 
reason of this being, that when these bodies combine they do not decompose, and 
that it is by the very fact alone of the decomposition of the substance that the com¬ 
bining power is developed in the particles of which they consist, so that in tbe che¬ 
mical change which is thus represented— 

hso 4 ko=ho+so 4 k, 

«■ > 

the two combinations which take place are not two combinations accidentally simul- 
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taneous, but correlative and mutually dependent phenomena which we cannot sepa¬ 
rate. 

In the case of double decomposition, each of the four substances which enter into 
the change is combined, but it does not appear that this state of combination is 
necessary to the action. It can take place also, and in the same manner, when the 
combining substances are only in contact with each other, and not in combination, 
provided always that there is the right chemical difference between them, which 
however is essential. Thus, for example, when iodine and phosphorus decompose 
water (in the usual mode of the formation of hydriodic acid), the chemical relation 
between the iodine and phosphorus is an essential condition of the action. The same 
remark applies to, the decomposition of water between nitric oxide and chlorine, 
which can be effected by neither body separately; so that the changes which take 
place in these experiments are not simply due to the fact that the chlorine or iodine 
stand in one relation to water, or to the elements of water, and the nitric oxide or 
phosphorus in another, and that thus the water breaks up, being acted upon by two 
opposite forces; but that there is also* and must be, a certain chemical difference 
between the chlorine and nitric oxide and between the iodine and phosphorus, which 
is as essential and important a condition to the propagation of the action as their re¬ 
lation to the water itself, and indeed without which they could not have this relation. 
I am not aware that this remark has before been made, nor do I think it likely that 
it should have been made, but upon the view which I have given, of which it is a 
consequence. 

Facts corresponding to these cases of composition are to be observed, as might be 
expected, in the decomposition of bodies, for if decomposition be the condition of 
combination, so of course must combination be the condition of decomposition. 
Faraday long since showed that dry carbonate of lime withstands the highest tem¬ 
peratures and is not to be decomposed by beat, but that when a little steam is 
thrown upon the heated carbonate, decomposition takes place with facility. Why is 
this? but that the water is the medium for the transference of the polar action which 
can now take place with the division of the masses: thus— 

-f- — H— 

Ca C0 3 HO=CaO+C0 3 H. 

I might mention many other examples of the same class. 

On the view which I have here given of the nature of chemical change, the very 
existence of the elemental bodies was a strange and unaccountable anomaly. I have 
regarded the molecular structure of bodies but as an expression of the law of their 
synthesis and analysis, and this law again as a result of the peculiar nature of che¬ 
mical force. It was therefore truly difficult to conceive how an element in the sense 
of Berzelius was formed. The formation of this “ uncombined particle ” was a fact 
quite different to the formation of a compound substance, and yet it seemed as 
unreasonable to suppose that the laws of chemical action should vary in different 

5 e 2 
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materials, as that the laws of motion should be different in different bodies. I there¬ 
fore considered attentively what we really knew of the laws of chemical change in 
these bodies. Examples occurred to me, both of the chemical division and che¬ 
mical synthesis of the elements, by which various phenomena hitherto obscure might 
be explained. The experiments of the first class prove that a division of the elemental 
bodies which is known to occur in certain cases of chemical change, is truly a che¬ 
mical and not simply a mechanical division of these substances. This is shown by 
the fact that the particles of the element thus separated show the peculiar combining 
properties of " nascent bodies.” It is not necessary to ray argument that the precise 
view which I have given of the nature of this u nascent state ” should be admitted; 
provided only it be allowed, that these properties depend upon the fact that the*par- 
ticle is issuing from a state of combination, which is generally allowed. 

1. No theory of chemical change has given rise to more discussion among chemists, 
than the usual mode of the formation of sulphuric acid by the mutual action of sul¬ 
phurous acid, nitric oxide, air and water. On this question there are some six re¬ 
cognized theories. The problem is simply this: Why, when the oxygen is made a part 
of this system of particles, does it possess oxidizing properties which otherwise it has 
not ? On the view I have stated the cause is plain. When nitric oxide acts chemi¬ 
cally upon oxygen, the gas is thrown into a polar condition; the result of which is 
to give to other particles of the mass a combining power, in a direction the reverse 
of that in which the oxygen combines with the nitric oxide; the change being in all 
respects analogous to the decomposition of water by the joint action of nitric oxide 
and chlorine*; thus— 

N Og OO SOg asNOj+SOj. 

The best of the other explanations of this fact is, in my opinion, that of P£licot^, who 
considers the formation of the sulphuric acid to be the result of the successive forma¬ 
tion and decomposition of nitric acid. This, however, does but shift the difficulty to 
another point; for why does nitric acid oxidize sulphurous acid? In truth, in this 
case, a perfectly similar polarization takes place within the acid itself— 

(N0 5 =)N0 3 o o sq=No 4 +so 3 . 


* In the following experiments I am compelled to call by the same name three very different things—the 
isolated element, the particles of the element at the moment of their chemical separation or synthesis, and the 
combined element; and I wish to observe, that when I state that there is a chemical difference between the 
particles of the element, I mean simply the particles of which the element consists. The chemical nature of 
these particles is a further question. 

f Annales de Cbimie, 3rd Series, vol. xii. p. 266, Peligot states that nitric oxide always forms hyponztric 
acid and no nitrous acid, in contact with atmospheric air; but it by no means follows, even if this be the sub¬ 
stance formed with atmospheric air alone, - that the same substance is formed in the presence of sulphurous 
acid; indeed, on the view L have given, a difference in the reaction would rather be anticipated. 
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For the formation of the byponitric acid from the nitric acid is just as much the 
formation of a new chemical substance as if it were made by the direct action of 
oxygen upon nitric oxide, and is attended with a similar division of the oxygen. But 
this stage of the formation of nitric acid is useless, and not necessary to the concep¬ 
tion of the change; for there are other perfectly parallel cases which do not admit of 
such an explanation. 

2. I will take the formation of chloro-sulphuric acid, in the remarkable experiment 
by which Regnault prepared this body*. Olefiant gas, as usually prepared from 
alcohol and sulphuric acid, contains a large quantity of sulphurous acid; when chlo¬ 
rine is brought in contact with this mixture of gases, two substances are formed, 
chloro-sulphuric acid, S() 2 C1, and the Dutchman’s liquid, C 4 II 4 Cl 2 . Upon sulphu¬ 
rous acid alone (in the circumstances under which the experiment is made) chlorine 
has no action whatever, nor, according to Regnault, upon olefiant gas, when both 
gases are dry, and only in diffused daylight. The formation, therefore, of this body 
is due to the polar division of the chlorine, just as the formation of sulphuric acid to 
the polar division of the oxygen ; the olefiant gas being to the chlorine in the same 
relation as the nitric oxide to the oxygen in the other experiments, so that we inay 
conceive the change to take place thus— 

+ — 4- — 

C, 11, C1CI SO,=C 2 II, Cl+ci so,. 

i _5 * 

• 

This example is not open to those objections which, from the formation of the oxides 
of nitrogen, might be raised to the other instance, for here the combinations mutually 
determine each other. With water, the chloro-sulphuric acid decomposes with the 
formation of sulphuric and hydrochloric acids ; but through this experiment we can 
distinctly trace back the cause of the formation of the sulphuric acid, in this, as in 
the more usual mode of its formation, to the polarization of the element; and on 
considering attentively the mode of the formation of chemical substances, it may be 
seen that the formation of a large class of compounds, among which are the oxides 
of chlorine and iodine, is ever preceded by a similar fact. 

3. It is well known that, when a mixture of hydrogen and any oxide of nitrogen-f- is 
passed over heated spongy platinum, the oxide of nitrogen is decomposed and am¬ 
monia and water formed. Were the hydrogen a compound substance, it would be 
thought that the simultaneous formation of these substances was sufficiently explained, 
by saying that it was a case of double decomposition, and it is indeed the same phe¬ 
nomenon ;thus— 

N Q 3 H 3 ri :? =3HO+NH 3 , 

the hydrogen being “ nascent ” from itself. 

* AnnalcB de Chimie, 2nd Series, lxix. p. 170, and lxxi. p. 446. 
t See Kuhlmann, Liebig's Annalen, vol. xxix. p. 286. 
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4. We know from the researches of H. Rose, that in a neutral solution of the bi¬ 
chloride of mercury, the mercury is precipitated on zinc in the form of a black pow¬ 
der, but on the addition of an acid the metal becomes bright and the zinc is amalga¬ 
mated*. The addition of bichloride of mercury also instantly stops the most violent 
evolution of hydrogen from the action of hydrochloric acid upon zinc, with the for¬ 
mation of the same amalgam. These curious experiments, which certainly caused 
much surprise in Rose, become intelligible from the considerations which I have 
mentioned. The combination of zinc with mercury is a combination in a different 
direction to that of the zinc with chlorine, hence the latter determines and causes the 
first; thus— 

HCIZnZn HgCl =H Cl+Zn Hg+Zn Cl. 

5. A very beautiful illustration of the way in which one chemical combination de¬ 
termines another, is seen in another experiment with the same metal. Zinc, it is 
known, decomposes slowly, with evolution of hydrogen, a strong and boiling solution 
of caustic potash; but when into the solution a few crystals of nitre or nitrite of 
potash are thrown, the zinc is rapidly dissolved with the evolution of ammonia. The 
reason of this I consider to be, that the polar division of the zinc now takes place 
with the greatest facility, the zinc being oxidized in two directions; the zinc decom¬ 
poses the water, by which a polarity is given to the hydrogen, which causes it to 
combine with the nitrogen of the nitric actd to form ammonia, by which combination 
the other particles of the nitric acid become in their turn polar and oxidize again the 
zinc; the action, as it were, proceeding from and returning back again to that ele¬ 
ment. The change, for example, may be represented thus:— 

H 3 P 3 Zn 3 Zn 3 P 3 N =NH ;t +6ZnO. 

6. To the preceding experiments I will only add the phenomena of substitution, 
which, viewed in relation to them, assume a new form. The division of the chlorine 
which takes place in substitution is a very similar fact to that distribution of the ele¬ 
ment which takes place in the formation of chloro-sulphuric acid (which I have be¬ 
fore cited), and admits of a similar explanation. The problem is, why, with even 
the smallest quantity of chlorine, does a portion of the chlorine ever combine with 
the organic body? Why is the hydrogen never simply removed? The solutionis, 
that one of these two changes determines the other, precisely as the combination with 
olefiant gas determines the combination with sulphurous acid. Nor do I see what in¬ 
telligible distinction is to be drawn between the action of chlorine on the organic 
body and that of hydrogen on nitric oxide, or between either of these two cases and 
that of water itself on chloro-sulphuric acid. The organic body behaves as though 
it were a simple compound of hydrogen on the one hand, and the remaining ele- 

* Lima's Annalen, vol. lxiv. 283. 
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ment8 of tbe system on the other, and this, daring the action and under the influence 
of the chlorine, it may truly be. 

If it be true that in the preceding experiments this polar division of the element 
takes place, (a division, at any rate, in many points analogous to tbe decomposition 
of the compound body when no elemental substance is isolated, but the particles are 
transferred from one system to another,) it cannot but be, that in the formation of 
tbe element the correlative fact is to be observed, and that the element itself is made 
by the synthesis of polar particles. This is indicated by theory, and although the 
more usual mode of forming these elemental bodies is not such as to bring to light 
the true nature of this synthesis, there are other, although as yet rarer, instances of 
the formation of these bodies, which not only are not opposed to this view, but 
prove it. 

1. When an acid is added to a perfectly pure solution of an alkaline iodide, such 
as may readily be procured by precipitating any iodate it contains by baryta water 
and filtering, the solution remains perfectly clear. Neither, when an acid is added 
to a pure solution of iodate of potash, is there any alteration, but on mixing these 
solutions an abundant precipitate of iodine is formed. It is said that the iodate and 
iodide of zinc, without acid, undergo a similar decomposition. It is very plain that 
these changes are simple cases of what is called double decomposition. The hydri- 
odic and iodic acids decompose one another, and it is my opinion that in the change 

I0 6 H+5HI=6H0+6I, 

whatever be that combining relation which subsists between the oxygen and hydrogen, 
that same relation must also be between the particles of the iodine itself. What is 
commonly called the affinity of hydrogen for oxygen is not sufficient to account for 
this change, for hydrogen alone will not decompose the iodic acid, unless it be in the 
nascent condition. When hydrochloric acid is the decomposing body, chloride of 
iodine is formed, when bydriodic acid, the iodine itself. Are we not to admit that 
these two substances are formed according to the same law ? To this synthesis of 
the iodine, the division of the element which takes place at the formation of the 
hydriodic and iodic acids, is the correlative fact, to explain which we must assume 
the same polar difference between its particles (see page 765). 

2. In the course of his researches on the hypophosphites, Wirnz discovered a very 
singular substance, the hydruret of copper*. This substance is formed by the action 
of hypophosphorous acid upon copper salts. It readily decomposes, so that it is not 
easy to determine its constitution, but his analyses very closely corresponded with 
the formula Cu 2 H. That this is truly the formula of tbe substance, may be inferred 
with yet more certainty than from the analyses, from the following curious reaction. 

* BkkzkUvs attempted to throw some doubt upon the existence of this body, but the correctness of the 
facts, as stated by Woaz, is guaranteed, not only by the well-known skill and ability of this chemist, but also 
by the fact, that Poogj'Hdobi'f had succeeded in procuring a hydruret of copper by the electrolysis of the 
sulphate of this metal. 
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In aHJkta^.vith strcJng hydrochloric acid hydrogen isevolved;and theprotocbtarids 
ofcopper,Cu 2 P, formed, Both substances are decomposed^ and Wunzaatisfied 
himself, and gives the experiments, which show that the volume of the bydrajp^d 
evolved was the double of that due to the simple decomposition of the substitute.- I 
wjfl add the remark which he makes on this experiment:—^ On *ait l q«e facade 
chlprhydrique n’attaqne le cuivre qu’avec une extreme difficult^, et la preseace de 
rbydrqg^ne, loin de hivoriser la reaction, devrait, d'apres lea loii) de$'aflinit6;y 
ajouter un nouvel ,obstacle. La decomposition de 1’hydrune decuivqeparfaeide 
chlorbydrique parait done s’effectuer en vertu d’une action de oontact ii < s.; ‘ f 
This fact, the conception of which offers these theoretical ^iflp^culties, becomes per¬ 
fectly intelligible, and indeed might have been predicted from the principles I hayp lai<| 
down. Hie decomposition is perfectly simitar to that of the suboxide of copper upfler 
analogous circumstances, arises from the same cause, and may be expressed thus— 

cu 2 hhci =cu 2 ci+h 2 . ’ “ ' 

This experiment enables us to See clearly the canse of a class of decompositions very 
analogous to it, and which have presented similar theoretical difficulties-^-. An utloy 
of platinum and silver will dissolve in nitric acid, which will not act upon the plati¬ 
num atone ; acids will, in like manner, dissolve the alloy of copper and zinc J, which 
on the copper alone have no action. Now the hydruret of copper is itself, in its che¬ 
mical relations, an alloy, and the action of the acid on the alloy of copper and zinc 
a foot very analogous to the action of the hydrochloric acid upon this body, ahd .the 
explanation of this fact involves similar phenomena; thus— 

H Cl Zn Cu Cl H=C1 Zn-f Cu Cl+H 2 , 

, i.j_ _ ■. j 

the polar composition of the hydrogen being essential to the comprehension of the 
experiment. A farther confirmation of this view is found in the decomposition by 
water of the remarkable bodies discovered by Frankland^, to which hehas^iyen 
the names of zinc-methyl and zinc-ethyl. The theoretical analogy of these hodief to 
the hydrogen compounds of the metal is perfect, and with water they give a precisely 
similar reaction to that of the hydruret of copper with hydrochloric acid. Zmc-ethyJ, 
for example, breaks np thus— 

, \ e i . ' I ' t r' J -i - 

Zrt C 4 'h 5 HO=sC 4 H s H+ZnO, > t 

V. . - .. m i n J .(‘I,! lt*J U*V {, f 

, ^ i } j * , 

in which decomposition the hydrogen and the hydrocarbon (which is the analogue of 

* Annales de Chimie, 3rd Series, vol. xi. 251. « of . . 

t These facts have been cited by Liebig with another view. Liebig's Annslen, vol. xxx. p. 262. 

X Gmbliw's Handbnch, vol. iii. p. 448. $ Journal of the Chemical Society, January 1050. 
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hydrogen) are to one another in the same polar relation, and fulfill the same part in 
the change as the two equivalents of the hydrogen itself in the decomposition of the 
hydruret. 

3. When a solution of bichromate of potash is poured into a strong and acid solu¬ 
tion of the peroxide of barium in hydrochloric or nitric acid, a violent effervescence 
and escape of oxygen takes place; apart, these solutions are perfectly stable { bring 
them together, they are both decomposed; the chromic acid passes into chloride of 
chrome, the peroxide of hydrogen into water, and the oxygen formed is due .to the 
simultaneous decomposition of both bodies, thus— 

3ClH+2Cr 0 3 +3H0 2 =Cr 2 Cl 3 +6H0+30 2 . 

I certainly regard the oxygen itself, in this experiment, as the true reducing agent, and 
I believe that the chromic acid is decomposed by the oxygen of the peroxide of hydro¬ 
gen, according to the same law of decomposition, and for the very same reason, as 
it would be by hydrogen itself if a piece of zinc were thrown into the acid solution, 
this reason being the polarity of the particle induced by chemical change. In this 
experiment is brought before us, in a very forcible manner, the very slight difference 
which truly separates the phenomena of oxidation and reduction, which are usually 
regarded as so distinct. In speaking of the formation of sulphuric acid, I have said 
that the oxidation of sulphurous acid by nitric acid is to be attributed to a polar 
condition of the oxygen liberated from the nitric acid, which polar condition is in¬ 
duced by the formation of hyponitric acid within the system of which it forms a part. 
Now the formation of water in the peroxide of hydrogen is a fact precisely similar 
to the formation of the hyponitric acid in the nitric acid, and it might reasonably 
be anticipated that this oxygen would have a similar oxidizing power. This is in 
truth the case; for when the temperature is low, the solutions dilute, and the experi¬ 
ment carefully managed, no gas is given off, but a deep blue solution is formed, 
containing perhaps, as stated by Barbeswii,*, who first examined this reaction, a 
higher oxide of chrome. This solution however rapidly decomposes, oxygen is 
evolved, the blue colour disappears, and the final result is the same as if the com¬ 
pound had never been formed. When manganate of potash, peroxide of manganese 
and various other substances are substituted for the chromate of potash in this expe¬ 
riment, a similar decomposition takes place, but without any signs of the intermediate 
stage of oxidation. Under other circumstances the oxidation and reduction may he 
separated. Thus, when peroxide of barium is thrown into an acid solution of the 
prussiate of potash, the prussiate is oxidized and the red prussiate is formed. When, 
on the other hand, the same experiment is made with the alkaline or neutral solu¬ 
tion of the red prussiate, oxygen gas is given off in abundance from the peroxide of 
barium as well as from the red prussiate, and the latter passes into prussiate. On 
adding to this solution an acid solution of perchloride of iron, care being taken that 

* Amtaleu de Chimie, vol. xx. p. 864. 
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the wboleef the peroxide of. barium it decomposed, prussian blue is produced te 
abundance. In lids experiment one atom of oxygen is Best added, and this atom 
is then removed by the contact of another atom under suitable circumstances. I infer 
therefore from these experiments, not that the oxidation is a necessary antecedent to 
the disoxidatioa, bat that the spontaneous decomposition of the oxidized body end 
the reduction of the chromic acid, where no oxidation takes place, and the oxidation 
of the body, are doe to one and the same cause, namely, te the mutual attraction of 
the demental particles. When, for example, arsenhraa acid is oxidised by the action 
of chlorine, I consider tbat the oxygen is oxidized as well aa the arsenic. We are 
led to the same conclusions by various well-known experiments j in the case, for ex¬ 
ample, of the decomposition of the nitrate of ammonia on boiling, when this com¬ 
pound breaks np into water and nitrogen, thus— 

NQ 4 H< N ==4HQ-f Ng; 

while from no point of view is it very logical to draw a distinction between two facts 
so very similar as the formation of the water and tbe nitrogen, it is proved, by the 
experiments 1 have cited, that the mutual attraction of tbe particles of the nitrogen 
is a most important condition of tbe change. 

The transition from these cases of spontaneous decomposition to other instances, in 
which no one of the substances usually called compound is formed, but tbe elements 
alone are liberated, is obvious; and I cannot but think that these phenomena, viewed 
as the last of a series of chemical changes, proceeding from the simplest case of 
double decomposition to the curious experiments I have just cited, each successive 
link of which is bound to tbe preceding by the closest analogies, reasonably admit of 
a very different interpretation to tbat which we.should put upon them when regarded 
out of this connection. It is hard to draw a distinction between tbe decomposition 
of the chloride of nitrogen and of the nitrite of ammonia. From quite independent 
considerations, the conclusion is forced upon us, that the mutual attraction of the 
particles of chlorine and of nitrogen plays a most important part in other cases of 
chemical change. Why may we not admit tbat in this case the decomposition is de¬ 
termined solely by these relations? The heat which attends upon this and other 
similar decompositions is, on tbe electro-chemical theory, as confessed by its greatest 
supporters, an inexplicable enigma. Heat is tbe constant sign of combination, but 
here it asserts is only decomposition, so that theory and fact are plainly at issue. On 
the other hand, admitting tbat in this experiment the formation of tbe elements is a 
true chemical synthesis, the evolution of heat is accounted for; and as the elements, 
chlorine and nitrogen, are far more permanent forms of matter, and less readily altered 
by chemical action than the chloride of nitrogen, so it is reasonable to believe tbat tbe 
particles of which they are composed are in a far more intimate state of combination. 
Tbe transition from these experiments to the most ordinary cases of the formation of 
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*he element is ubvious, it being plain that t>he rednetiou of oxide of eHver* into 
oxygen gas and the meted, differs only from the spontaneous decomposition of the 
chloride of nitrogen in the temperature at which it takes place. 

In the preceding statement, I have used the word polar to express that alternate 
difference of the condition of the particles by which I conceive chemical action to he 
propagated. It is no objection to the use of this word that it is undefined, and that 
I have not pointed oat in what this difference consists. It may be a real difference, 
which we can use for purposes of thought and inquiry, and yet an unknown difference, 
to which we cannot at present assign a true value. A more serious objection lies la 
the way in which this word has been misused, and the false associations which, in 
some minds , are connected with it. It is, however, not difficult for those who most 
ultimately fix the meaning of this term, to draw the distinctions necessary to its right 
application; and as I myself have found the word very useful, and also found that 
through the associations which are rightly connected with it, it conveyed to some 
persons, whose opinion was well worth considering, an idea which could not other¬ 
wise have been so simply given, I have here used it At the same time let me ob¬ 
serve, that that to which I wish to direct the attention of chemists, is to a new ana¬ 
logy between certain chemical changes and to the correlation of phenomena which 
have not before been gronped together, and, provided that analogy and relation be 
recognized, the word by which it is expressed is of less importance^*. I now pro¬ 
ceed to an experimental inquiry which originated in the considerations I have here 
given. 

The discoverer of the peroxide of hydrogen, Thenard, observed certain singular 
and remarkable properties of this compound, of a kind altogether new and calculated 
to fix the interest and attention of chemists. To prepare the peroxide of hydrogen, 
according to his directions, is a process so troublesome and tedious, that it may 
have deterred chemists from the further and full investigation of these pheno¬ 
mena. It is at any rate to Thknard alone that we owe whatever knowledge we 
possess of this singular body. Since his investigation, wbich dates from the year 

* In certain cases we can trace the very mode in which this decomposition by heat takes place. Thus in the 
decomposition of chlorate of potash by beat, the true way in which this substance is decomposed is, as disco¬ 
vered by Sbeullas, the decomposition of one particle by the next. The chlorate is first oxidized to perchlo¬ 
rate, and this perchlorate, as shown by Mill on, again reduced to chlorate with evolution of oxygen. Thus the 
action proceeds by a continual oxidation and reduction of the substance, the phenomena being very similar to 
the oxidation of the chromic acid by the peroxide of hydrogen and the spontaneous decomposition of the com¬ 
pound formed. By mixing the chlorate of potash with oxide of copper, the formation of the perchlorate is en¬ 
tirely prevented, and the action converted into one of spontaneous decomposition. 

t The idea of polarity has been applied to the explanation of chemical phenomena by other chemists as well 
ns myself. I may refer especially to Ldwio's Introduction to his Organic Chemistry (vol. i. p. 1. Edition 1645). 
Geabam also has given, in the last edition of his Treatise on Chemistry, a chapter on Chemical Polarity, it 
would be out of place to enter here on any criticism of their views or co mp a ri son of them with my own, bat I 
give the reference for those who may be desirous to see the way in which others have treated this subject. 
j ‘ ' 5 F 2 : 
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l«l^, ndbeWfaetof the'slightest? Importance has been added W tos hislory, * The 
properties lidweVer bf wbich'Ispeak; can all be observed with' the adtakn ef tbe 
petoiride'of'barium, in hydrochloric or acetic acid, -which can be readily prepared. 
TlmprOptertlbs ofthissolution ftre different according as it Is alkaline or add. ' The 
adtaKwesOlution is of Snuns table nature? even at? ordinary tempenituceaitoontino* 
allyloses oxygen/ and ooheatiug undergoes rapid decomposition. The arid solution 
is more permanent, may be long kept without sensible alteration, and’roWy even 'be 
bebted to the boiliti^polnt witb no evident evolution of gas;- JBithefrsolatioo, bew- 
eVer/isviofently deconiposed whfcn certain substabces (ttinong «4jicb finely div»ded 
carbon orpfafinura areveryefFeCtivC) are thrown into it. In thesecasestbdperetride 
is decomposed,whil6 the Carbon and platinum remain, as faras we knew, unaltered. 
There are however other bodies whichcause this decomposition with perhaps gVeatflr 
energy, add themselves undergo a chemical change of the most' surprising nature; 
these bodies’ are al! those metallic oxides which can readily be reduced,—tbe oxides 
of goM; and silver and mercury, and the peroxides-of lead, manganese,oickel and 
Other similar Shbstances. These bodies decompose the solution, as dbes platinum or 
carboii, while the stibstancestbemselves also, during the decomposition, lose oxygeo, 
and are-redubed either td a metal or to a lowerdegree of oxidation. The solution, 
Whether acidoralkafide,is ever decomposed by these bodies ; but the facility with 
which the^substance itfeelf is reduced, and in some oases whether'this redaction takes 
pfeee'ataH, depends Upon the neutral Or acid condition of tbe soInCion, and vanes 
wfth 'tive pdttictrlar 'substanGe taken in a way On which It is not now necessary to 
dwell'. 1 The 1 decomposition caused by platinum and carbon, however strange, is not 
qfiitewltbout parallel. But the simultaneous reduction of the peroxide of hydrogen 
and the oxide of silver is a solitary fact, by the side of which chemists hare been able 
tb place sf£hrceiy ! iaw analogous much 1 less a similar instance.: Yet eminent chemists 
hfcveoffefed' aflCxplanation of these phenomena, and if these ore adequate/ further in* 
qUlryis unnecessary, i kballnot Oriticite the absolute or tbe relative value of these 
expffthatlohsv but they addno much to the interest of the quesrion.so deorly show 
the (fiffiChWcs ’uhder which Chemical'theory has laboured in dealing with these facts, 
attd klsb, as I believe, how inadequate it has proved to meet them, that I shall briefly 
rhCktiori thC mostiremarkable 1 .'' *>••. >i> n 

' The following quotation gives the impression made by these facts upon TmAnakd, 
Who first discovered'them 

'' ,M Quelle eSt fit irautedes phCnom&nes • que nous venons d’ex poser?, i - Yoilk main- 
tenaut ce qu’il s’agit derecheTCher. Poitr oela qti^l nous soit pennisderappelfer cenx 
qhe prCsentent 1’oxide d’argeot et 1’argenfc aveC !e nitrate oxigCnd neotre dtt poeasse. 
L’argent trCs divise dCgage rapidement 1’oxigCne de ce eel; il ne s’altCre point, et le 
nitrate oxigCnC devient.nitmte neutte. ,i. 

u L’oxide d’argent dCgage plus rapidement encore que l’argent 1’oxigfene do nitrate 
oxigCnC; lui-mdme est decompose, il se rCduit, fargent se prCcipite tout entier, et 1’on 
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ne ! Tetrouve dans la: liqueur qad do nitrate neutredepotasse ordinaire. Or, dam 
c«9 ’drieampositions, Paction chimhque est ividemment ntdle; ii faut done les attribuer 
ifunecausephy gique; maifl elles ne dependent ni de la cbaleur, nidela lumi&re; 
d’Ori ii Bait qu’elles sont probablement dues if f61ectrieit4. Je chercherai k m'em 
assurer d’nne raambre positiveje chercherai aussi k savoir si la cause, qnelie qu’elle 
so*t,niepimrrait point etre produite par le contact de deux liquides, et m$me de deux 
gate. 'De^4, d6coulera peut-£treTex plication d’un grand nombre de ph6nan)£nes*.” 

'AO idea* ok to thepossible cause of these phenomena was thrown out, some years 
baeky by another distinguished French chemist, Dumas, which, although hat an 
incidental •observation and unaccompanied with any experimental .research, has A, 
special interest as-giving the scientific conception of these facts fromtbe electro- 
chemical point of'view, from which this chemist then regarded them. ,... ,n 

,¥ > 1* r6pulsion q ue les mol6ccdes.de meme signe exercent l’une sur i’antre, r6puir 
stdn qui nous a servi k expliquer plus bant les effets qu’on observe dans la formation 
des cbnfpos6s multiples, va nous servir maintenant k expliquer aussi: eeux.qite. Too 
observe entre deux corps qui contiennent un exefes de mol6cule6 sembl^plcs. Cos 
corps tendedt k se d6composer mutuelleinent par suite de cette action r6pulsive. i , ,, 

“ Eneflfetc’est ainsi qu’on pent se rend re compte de faction des acides sur. beau- 
coop de peroxides qui perdent sur leur influence nne partie de lenr oxygfene, e’eaf ainsi 
qn’on pent concevoir faction si bigarre et si remarquable de l’eau oxygen6e Bar cerr 
tains oxides.* €eeompos6 perd par le contact de l’oxide d’argent, par exemple, la 
motttri de son oxighne repasse k l'6tat d’eau, chasse l’oxigene de f oxide «t je ramene 
k l ? 6tat infoallique. Quant on envisage ce simple fait avec les anciennes idees de 
Taffinlt6,-il est inintelligible,tandis qu’avec les id6es 6leetiiques ilpouvait en quelque 
softe Atari pr6vu-p. r n •, 4 

Another view has been pot forward by Lumio. These experiments with the per- 
oxadeof hydrogen .be places by the side of the fermentation and decay of .organic 
bodies, of which chemical changes he thus gives the cause}:—" The cause,” sayB.he, 
«ssithel power which a body possesses in the act of decomposition or composition to 
elicit tfaesame action in a body in contact with it, or to render it capable* 
dCrgoing the same change which itself experiences. Thus the decomposition of the 
ferment decomposes also the sugar, and the decomposition of the peroxide of, hydeor 
gen -decomposes the metallic oxide” The simultaneous decomposition of the two 
substances is the fact. That it is the very chemical change itself in the one instance 
which determines the chemical change in the other ; this relation Libbio hfc* pointed 
oat. But why and how, consistently with what we otherwise know ofthe nature,of 
chetntmlAction, and the mode of its transference and propagation, this can be the 
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^ ' * Annales de Chimie, 2nd Series, vol. lk. p. ? 

f Dukas, Chimie Appliqude aux Arts, Vol. 1. Introduction, p. €4. 
t t i } LlSbto'sAun*l*au vol. w. pp. 280, 262 and&79* * 
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ease, is a problem wbicbremained tons* and which, in tbe case of one At least of 
theseexperiments, it was my hope to solve. 

. Hitherto, in the breaking up of the oxide of silver and the peroxide of hydrogen, 
no chemical fact has been recognised but the simultaneoas decomposition of two 
chemical substances. This is that fact for which it has been so difficult to account. 
Ware it, for example, a hydride of silver which was thus decomposed and water 
formed and not simply oxygen, the experiment would have attracted no attention. 
On the view I have given, the formation of the oxygen itself is as truly a chemical 
Synthesis as the formation of water, and may be substituted for it in a chemical 
change. This supplies an explanation of these facts at once adequate and simple; 
the oxide of silver in this experiment being reduced by the oxygen of the peroxide 
of hydrogen, just as in other cases it might be by hydrogen; die formation of 
the silver from the particles of which it is composed being the corresponding fact 
in the deeomposition of the oxide of silver to the formation of water in the peroxide, 
so dial we may represent die change thus:— 

* HOP O Igj A^ =HO+O a +Ag. 

No one can be more sensible than I am of the wide interval which exists between 
such a mode of representing a chemical change and an ascertained foot. The very 
form in which I have just expressed the decomposition involves an important assump¬ 
tion, an assumption indeed on which, in my opinion, the whole question rests. If it 
be true that these bodies are thus decomposed in definite and equivalent proportions, 
and that the simultaneous decomposition of the bodies proceeds according to this law, 
it is impossible to deny the chemical relation of these changes and the mutual che¬ 
mical action of the substances; and, on tbe other band, if tbe formation of this oxygen 
is to be regarded as a true chemical synthesis, this synthesis most follow the universal 
law of the formation of chemical substances, and tbe masses must combine in definite 
and equivalent proportions. It is only the apparent absence of this relation between 
tbe decomposing bodies which removes fermentation from ordinary chemical changes, 
and causes its chemical nature to be denied; and in that parallel which Libbio 
draws between these decompositions and fermentation, it is tacitly assumed that in 
this ease also, as well as ia tbe case of fermentation, no such relation exists. Tbe 
following words of Liebig, from the paper I have already referred to, dearly show 
this point:—“ A certain quantity of ferment is required to cause fermentation hi a 
portion of sugar; its action however is no action of mass, but is entirely limited to its 
presence up to that moment when tbe last atom of sugar is decomposed. It is there¬ 
fore no peculiar body, no substance or matter which effects decomposition, bat these 
are the carriers of an activity* which extends itself over the sphere of the decomposing 
body.” 

* " Traget erne* Thiitigheit.” Liebig’s Anaalen, vol. xxx. p. 279. 
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1« w&s therefore tbe quantitative relation of the decomposing substances wlridi 
seemed to me the essential point to be determined, andwhicb experiment alone cottid 
decide; for it was quite possible (and indeed had been taken for granted) that the 
action varied according to some other law. It might bare none of the characters of 
a chemical change; it might, for example, vary directly with the acting masses. Or 
with the temperature alone, or be a function, so to say, of so many variables that the 
troe law of action would be altogether hidden. 

Preparation qf the Peroxide of Barituto, 

The baryta used in the following experiments was prepared by the ignition of the" 
pure nitrate in a crucible of fine white earthenware. This was protected externally 
by a common earthenware crucible, and the space between the two filled up with 
crucible dust. The nitrate was thrown gradually into the crucible, one portion being 
thoroughly decomposed before tbe addition of tbe next. Baryta, as commonly pcs* 
pared, contains large quantities of peroxide, as may readily be ascertained by dis¬ 
solving in hydrochloric acid and adding bichromate of potash to the solution ; and a 
very long and strong ignition is necessary to drive off the last portion of oxygen. 
The purest baryta is not porous, but perfectly compact, very heavy, and of tbe crystal¬ 
line grain of fine marble. The baryta thus prepared contains traces only of matter 
from the crucible, the adhering particles of which are to be carefully broken off, and 
hardly any impurities, but a little water, and a very little carbonic acid. If an ordinary 
Hessian crucible be used for its preparation, as was the case with tbe beryta used in 
some of the earlier of my experiments, the baryta will be very impure. 

To prepare the peroxide, oxygen was passed over the baryta, broken into pieces of 
the size of a small pea and placed it» a combustion-tube, which was heated in an 
ordinary charcoal trough. Tbe oxygen was made from peroxide of manganese and 
carefully freed from carbonic acid, and dried before entering the tube, Tbe gas was 
contained in a gas-holder so as to regulate the current, and was passed over the per¬ 
oxide, after all absorption had ceased, until tbe tube was cool. The temperature 
necessary for the absorption is a low red heat, which is not to be exceeded, as a portion 
of oxygen is given off at a higher temperature. The operation may be distinctly fol¬ 
lowed through the tube, tbe baryta glowing when the stream of gas comes in contact 
with it. The absorption is both rapid and complete; and I have repeatedly made the 
experiment of attaching to tbe end of the tube, where the oxygen not absorbed would 
pass out, a small tube dipping into mercury, and have found that the experiment can 
readily be so regulated that a considerable stream of gas will enter at one end of tbe 
t nho and not a bubble pass out at the other; and indeed tbe absorption was often so 
that the gas was absorbed fester than it entered, and the mercury rose several 
inches in the tube; the whole oxygen therefore is absorbed. 

The peroxide presents after the experiment a mass of uniform texture and appear¬ 
ance, and is very white, the baryta itself being of a darker colour. A little of the 
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imtvden^msbsteBcetmoistemid'Wtyth, wnter 0fi4be:bu(ik> of the hendttfive*no*«n«ible 
kmtwvWk* peroxide mm;«a<sefcUjr; fnjedifowBtwjradJwru^ gb*ssv><w gM«ctt.4»i wM> 

w*«ctdtaifty ( he diajtlogwsb^uby tb«j.«o4<MMr> 
andiemspreserved btsteppetedbbMles ©vnr tsulpfeurie neid* • a> prorantionwhich ;was 
desirable, as the preparations bad to be preserved -fatm long time, without .any altete- 
tfcm,i«/tbe per-mat*#a> ofpxygien* ..• i i. (I/J , n-n-r,!-,; \ ,« it*»ini'u«[y> "i'OSA 

3Ikfr peroedde of barium thus obtained <is «, perfe«% stoble bodyi.! When dryvittls 
onlyavery intense heat which can drive off its oxygen.lt is nearly insoluble ib water, 
tbe filtejoed solution giviog no gas with oxide el silver, wbichWoSld be the.case-if 
any substanoewwedissalvBds and wheupneserv-ed &orn tbenotionofthfr. carbonic 
acid ,a£ *be,air, ii may be. long kept eweninwater without anysensibl&eiralutiontdf 
gam When the powdered sabetanceis even boiled with water, no gas is given off* and 
after dong la>ding k «ene»camin»Bg the dried, residue, I have found that She edect of 
boiling has actually beenrto increase the percentage;of oxygen^ the baryta/of which 
a certain quantity is always present, being dissolved, i These faets. are contrary totke 
BSaal steteffleotsVj acdi probably this stability only belongs to e very pure substance, 
for a small quantity of the oxides of iron or of manganese wouldaUer these reactions. 
.j,-7ftw peeuliar especiiaents aftheifed notion of the.metallic oxides, as stated by 
TnixAnn aud otber chemists, 4we referred ; to the peroxide of hydrogen j audit is on 
the.peouliar ;instability; of this body that the explanation of JLubiq of these pbeno- 
mena rests* the spontaneous decomposition ofthe peroxide being considered sas ante¬ 
cedent fep and Becessery toaetuptbe action in tbe> other substances. t Jbwas however 
anxious ;to«ee .whether i the peroxides of metals themselves would not produce similar 
effects 3 >afid; .outplacing the. peroxide of potassium {the. mass which is producetlby 
the factjo& Of pofea9tjum,on inelted nitro) iupoatact with moist cblorwle of silver , in 
water, 4 .fenud; that; the chloride was Deduced, a uat, us it might; be by eincy ami oxygca 
ewtfvedi ji w4 -ttyt same takes place (with,the iodide; bromide, eyanidtvnLtr&te and oxide 
ofjijvgr and With, eitherimemlhc^mbinatious. Water alone, as is welliknotra, de- 
cms^oaea lhe!permtide ^f ^potassi*^* i this body therefore was in a ^similar.unstable 
stafc? M> ithatisppia«ed'i».th«! peroxide.of-hydrogent but on extending my <«Kperha«nts 
tpiftha perosi<te />6 hap»i«n itself* l,fowdithBt, ab ithe.mdnctiQos whicbpenkl be mode 
wjiJh the par<wdfifCl-l^drogen > .tcck placewijfe this bodyalsc with , thegreatest 
lity. Finely-divided platinum.isiLYer br/Ca^n. deQOWpase i^ hut jfar/ikBS rapidly 
than thosesubstance which m 4bfl«pselHf« alsodeemupomd* . I wUlaotbpr* dtsdliss 
tip reactipespf .this parosid^ bat defer their tconsideradctt until I 

can treat with advantage, in a more exact manner^! tte general theory of ttofomeliam 
0C The .imyft.jest weptipoed.igsve/.a dinectionto my cxperknmbt, antKinsttad 
of the peroxide of hydrogen, the preparation .epdopneftervatton.of^hmbtiwralrad 
many difficulties,,^ (WjMth.whieh;>it wipy oOcnvenient ,*rorkr I (determined)Soitise, 

inttheWMron^^lprfiqiipsedptbe peroxidotofhot^etfitsdfvK] ar~ ./ noUirw«jOT f l 

* See Barium euperoiyd, Handworterbucli der CherniyWd^ilpjitS3b> nigvxo >(i.f oj 
. o 6 JWaM 
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■” Before the study of these decompositions was pesteifeteHtwas necessary to>HMM| 
seshe ready and accurate Method of determining the amountofoxygen in the variant 
preparations Of the peroxide, which could never he obtainedabsolutely pure and cor^ 
respowahng to atheoreticalformela, and of which I cannot; indeed had that aay satis- 
factory analysis has yet been made. • ■ »■ ^* •-< -••-■‘■n 

After various experiments I selected two methods, which combined the advantage 
of great facility of execution with perfect agreement in their resulte.Oneoftbese 
methods depends on the chemical change which takes place whentb© peroxide of 
barium is brought in contact with an acid solution -of chromtc acid, whenpasf have 
before mentioned, both the peroxide and the chromic acid are decomposed with evo¬ 
lution ofgas- Supposing this to be a definite and constant' reaction, ■ weHave, it‘Ja 
evident, in the evolved gas, a measure of the oxygen in the peroxide, from which,-;|f 
the ^reaction were known, the latter might be calculated. For this, however,'itwbft 
necessary first to discover the nature of the decomposition. The 1 other metboddei 
pends on the decomposition of the acid solution of the peroxide by ‘finely-divided 
platinum or carbon, in which case the oxygen evolved is plainly half the total oxygen 
in the peroxide itself. For the determination of the oxygen in the-preparation of a 
small quantity of the peroxide, it was quite 1 practicable to weigh the baryta before 
and after the absorption of the gas; and although this plan cduld not be applied to 
those larger quantities of the substance which it was desirable to prepare at ©noO; 
yetytts there could be no doubt as to the general accuracy of the determination if the 
experiment were conducted with care, I availed myself of it for determining the re¬ 
action in question with chromic add, and for a general control over the methods. 
Hie baryta was placed in a platinum tube about 8 inches long and half an inch widis, 
and the whole experiment conducted precisely in the manner already described Itt 
the preparation of the peroxide. The tube was first weighed empty, the ends being 
closed with dry codes, again with the baryta, and again after the experiment. The 
peroxide was then rapidly pounded and used for the other determinations: Aglets 
tube cannot be used for this experiment, as the glass is always slightly acted upon, 
where in contact with the baryta, which, although of little consequence in an experl* 
meat on a large scale, as causing an impurity in tbe peroxide, yet gives rise to a dis*: 
orepancy between the amount of oxygen calculated from the absorption and the per¬ 
centage ofoxygen deduced from the other experiments. ' : ,f! 

Two experiments, conducted in this manner, gave the following results:-*- 

A. 12 581 grins, of baryta increased in weight 0-952 grm., corresponding to ah 

increase in weight Of 7*58 on MX*parts. " !i "' 

B. 16-180 gran, of baryta increased in weight 1-lll gm., corresponding to an 

increase in weight of 7*918 on 100 parts. 1 1 

Hence the two preparations of peroxide of barium contained respectively-—- > 

Preparation A, 7*03 percents preparation B,«-8i per cent, of oxygen in addition 
to tbe oxygen of the, baryta. » • • "• > * * - 

MDCCCL. 5 0 
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- The experiment with the acid rotation of chromic add was made thM Mt weighed 
quantliyof tike peroxide was mixed with a very large excess of powdered bichromate 
of potash in a email flask, suchas is often used for die determination of carbonic 
acid, provided, that is, with a drying tube (in this case filled with small pieces of 
caustic potash) and a small tube reaching to the bottom of the flask, through which 
a little air might be drawn after the conclusion of the experiment. Strong hydro¬ 
chloric aeid was contained in the usual small tube, and the whole experiment, in short, 
conducted precisely as a carbonic acid determination. It is essential to the accuracy 
of the experiment that care sbonld be taken to have present a great excess of bichro¬ 
mate (at least three or four limes the weight of the peroxide taken), an excess of 
acid, and also to have fresh potash in the drying tube, as there te a considerable rush of 
gas, and a little carbonic add or water might otherwise pass through the tube. The 
peroxide, however, in a good preparation contains a mere trace of carbonate; and I 
have made the experiment of passing the gas from the potash tube through baryta 
water, and have found that no carbonic acid escaped the apparatus, with a for more 
violent evolution of gas than need take place in the experiment. 

I. 2*1015 grins, of the preparation A. gave a loss of <1*243 grin., corresponding to a 
loss of 1156 on 100 parts of the substance taken. 

II. 2*1265 grins, of the preparation A. gave a loss of 0*252 grm., corresponding to 
a loss of 11*85 on 100 parts of the substance. 

III. W127 grms. of the preparation B. gave a loss of 0*268 grm. corresponding 
to a loss of 12*11 on 100 parts of the substance. 

IV. 2*0975 grms. of tbe preparation B. gave a loss of 0*259 grm., corresponding 
to a loss of 12*34 on 100 parts of the substance. 

V. 2*0395 grms. of tbe preparation B. gave a loss of 0*243 grm., corresponding to 
a loss of 11*91 on 100 parts of the substance. 

From these experiments it results that in this reaction the chromic acid loses three 
and tbe peroxide four equivalents of oxygen, that is, that the total loss is to the loss 
from the peroxide as 7 :4. For calculating on this hypothesis tbe amount of oxygen 
in the two preparations, we find for the preparation A. from experiments I. and II. 
respectively, 6*60 and 6*67 per cent, of oxygen, and for the preparation B. from ex¬ 
periments III., IV. and V., 6*91, 7*05 and 6*80 per cent, of oxygen, which are the 
numbers given in tbe other experiments. Tbe reaction would therefore be repre¬ 
sented thus— 

2Cr O s +4Ba Og—Crg 0 3 -}-0j-f-4Ba0. 

This method has tbe advantage of giving a considerable loss of oxygen frith a small 
quantity only of tbe substance; and tbe perfect agreement with one another of nume¬ 
rous experiments made in this way, led me to place in it the greatest confidence. 
Facts, however, afterwards came to my knowledge, which proved that this action was 
not so absolutely uniform as .bad At first appeared; and although under the cireom- 
atances, and with the precautions (especially as to the relative quantities efthe sub- 
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stances) which I have mentioned, the entire agreement of the experiments proves 
that the action, is that which I have here given, yet this threw a certain doubt open 
it, and it is only in some of my first experiments that I have used tins plan of deter¬ 
mining the oxygen uncontrolled by the following. 

The determinations with platinum were made in a little apparatus of a very simple 
construction, which, as I shall elsewhere have occasion to mention it, I will call a 
bulb apparatus. 

A is a small flask in which the weighed substance, to¬ 
gether with a small portion of finely-divided platinum 
(prepared from platinum black by ignition) or of animal 
charcoal, which is equally effective, is placed. B is a 
glass bulb holding about two fluid ounces, which, before 
the experiment, is filled with dilute hydrochloric or acetic 
acid, and is closed by a well-ground stopper. C is a dry¬ 
ing tube of potash. After weighing the apparatus, the 
stopper is loosened and the acid allowed to flow into the 
interior. The evolution of gas takes place immediately, 
but goes much slower than in the experiments with chro¬ 
mic acid. After eighteen or twenty hours the apparatus 
is again weighed, when the action may be considered 
terminated. It is, however, of course, to be weighed again 
until it ceases to lose weight. During the experiment a 
second potash tube, or a small tube dipping into a vessel of lime, is to be attached to 
the first, to prevent any increase of weight by absorption of moisture from the atom- 
sphere. The following experiments were made in this manner 

I. 2*389 grins, of the preparation A. gave a loss of 0*162 grm. 

II. 2*437 grans, of the same gave a loss of 0*162 grm. , 

These experiments correspond to a loss per cent, of 

l. u. 

678 6*64 

III. 2*615 grms. of preparation B. gave a loss of 0*175 grm. 

IV. 2*785 grms. of the same gave a loss of 0*184 grm. 

These experiments correspond to a loss per cent, of 

III. IV. 

6*63 6*60 

These determinations entirely agree with each other; and the per-centage of oxygen 
la tbe substance is probably in feet (as is given by this experiment) a Httie less than 
that calculated from the amount of oxygen taken up, as in pulverizing it it is not pos- 
stbfo to prevent the absorption of a little water by the baryta present, which must 
dtmtanh the per-centage of oxygen. There is no violent rush of gas during the 
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fi^l$f!$SBtrfWi*!WWfeN^OiMniMiMriIdlrO««MMili<MFi^lNETOfbiroitl^ 
RWrtb?li>l|<b**#s! .WBRt^e JB.IWR; fee desired., <rKi» -foci v(j b'timiUH'/:) Imij* 


vjvwtati aA *?i.i u* niuu >r, <>*J»; '»Hin ? **ii 4v. 

trt mio? lituf< nfiuu'j 1 n<> til''iit ttamn wth v»rfj 

The method of weighing the loss of oxygen, which succeeds very w*ttrfe»<4«te(K 
mfoiflg, the <amwwt ^xygentgiyenoff in ,tbe< pFeoeding/experimente^canrtothe «tn- 
ployedw^b advantage,^ determining the amount, given offbya metollidoKidtelin 
cpn(tact|^b,fthe> pwoxide of barim®. Tbeevolutiosof gas is not (Apidteomiauifigt 
at,ordinarylompuntomoi sometimes farseveral days before all)action toessdi, dosing 
which tjm$ theiappetatusjfeliableto alter in weight; aad also; more i wateriirequit*d 
tp,dia$plya hereto, then oau, he -introduced into the bulb of* be apparatus,) or icieu- 
venjently; #md) OPcmfStely be weighed.;. In these experunents, therefore,: l determined 
indireptlyj the, amount of oxygen given off by ascertaining f the; amount of meted 

in ) yi{iv in •:•,/)! 'iii? «. ' c -: ’ ■ .' " ,(■ ! 'Hf.'U'I U j it- 

Thq forni Jof tJhetexperijnent WBS verysimpJie. The weighed ; peroxide was intimately 
mixed jo t a£a«kwith the metaliio oxide, nod a certain port ionof water, abouttweiue 


ouppes,,popped, upon the mixture. !* the following experiments, those at the temper 
ratgfe of,the air were,placed in a cellar where the temperature was uniform, sothat 
they might ik* comparable with one another, and the action was allowed to contiaoe 
until all evolution of gas had ceased. In the experiments at lOO 0 and at other tetn- 
peratures, the water was first brought to the temperature required, then poured on 

in a water-b itb, during .the action. In the experiments with oxide of silvep, to deter¬ 
mine the sih er reduced, the residue, after the evolution of the gas bad oeased, was 
treated with very dilute hydrochloric acid, with which it was allowed to remain in 
contact at least twelve hours.All oxide was thus converted into chloride; The fluid 

f 

was now filte red from the residue and the hydrochloric acid washed out, the bulk of the 
solid substan ce being stiff kept in the flask in which the experiment was made. From 
this residue, < onsisting of chloride of silver and metallic silver, the silver wap extracted 
by boiling w th nitric acid, the substance on the filter being added to tl|e rest and 
the filter als< treated with acid. The solution was diluted and the advert dissolved, 
which was ii 'febt the silVer reduced, estimated as chloride. It is plain,, thpt whether 
the oxide weTOTedtH^TO meE^^ must 

still-tie a correet m£a»Ube of the '6xygett lost. ’ This method of determining tbelbsk 6f 
oxygen I followed in all the experfrnehtiSwitb silver CompbundS. ‘ i! 


My first experiments were made d*fwe> I bad ascertained all the points necessary 
for the careful preparation of the pflroxide^andfcbe preparations used for these eon- 
tuned considerably less per-centage jo£ t oxygen than that tvhicb I afterwards readily 

i#WR* t determined> wdywitk Webwi»pteipfe f 
potash and hydrochloric.^, ;) >fNsg^iffipp^opp ip^pryay.flff^ 
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and confirmed by experiments not open Uvthese ebj«OtioM; it ^onld%^ l sa^fidbd# 
to give in their case also the numerical details of the determinations. As however 
they threw much light on the genef&l nature of the inqtlity, I cannot omit some ac- 
cotmt of theifli *»'• .' , >w rv u/ bi*i«<'*“/ ♦^T 

la the Tables Which follow, I have arrahged ’the chiefnestrits itf 
i The -coluinn A. contains the amount of oxygen ^tt iii 10© parteOf the {ibroxidebff 
barium employed, as given by the determination With bichromate Of potash; ' This 
odamh B, contains the relative loss of oxygen from the metallic oxide % the 'loss; 
that ^ calculated on 100 parts of the peroxide of barium. This 1 loss mf>i ,! Tli<e 
cotamn 0. contains tbe ratio of the quuntityof Oxygen in the peroxide Wf baritnhto 
the loss from tbe metallic oxide; the ratio, that Is,-of a-, ^atidthe caletilatettvalue 
df *l>i In the column D. I have given the approximate ratio of the oxygen ite'fhte 1 
amount of peroxide of barium taken, to that in the oxide of silver or peroxide Of ifead 1 
taken in each experiment. The first Table contains the experiments mSde'hlt iod^C. 
The first six experiments were made with oxide of Silver thh rfest wlth ^hrbxrde" of 
lead. In the case of the peroxide of lead, the amount of oxygen lost by the peroxide 
was determined by extracting the residue after the experiment with very dilute nitrite 
arid, which, leaving the peroxide, dissolves the oxide formed. The lead thus dissolved' 
was estimated as sulphide. , . 
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2:1 *92, 

AgO not weighed* 



7. " 

S. 

4-32 

»*ti , ■ i , 1 1 

1*85 

r>‘ Hi ' " 

$:2; ,.1*73, 

' I , * i ■{»;»' 

5:4 

! \> ' 

1 t 17 

A 1 

‘h > ‘r' r-nU 

t • f'.+r 

.1 h, \, i, , ■ i 

, t 1 , } * f » ) , 

i 

; ,! i. 7/ *•*.».; ? r r 

. W 

' >?i s J '*t\l 

9* 

£'1° 

S’Sl 
, a-W 

,,, ■~T"r r 

7 : 4 3*4§ 


<1 >’i 

•; i) 

■ U* 

^{nyu 


CJassifymgthe&e ten expert wentswith .reference to th? ratfos gim in the ,thirds 
column, we find that thpy .way be wra»gc4 thas*rr! . ■<•*> u, <••->!! a 1 ( i x v/o 


-„It a.. i)A<isayfisBBSB^ferim ftH .-l * >«: 

« .....i. fottrtexperinientei 

,1a,,.-., -i*. 1 d ,i ' 8f J S, two experiments. » o • 


iii r'o i-.'i:i-.iil vW 

I:,ii{ InTruio >.’l* i'*t 
I'l ;i dtiliCji’i 'iH*" * 


In the tiext Thble thh experiritehts Were made below l^^WhhriiThef'hjmi^ttiW^ 
iSnotgirim thfey tedilierittare oftfcte air-.' The ttfa WThi^rtMtehes weth' 

dtfdtfSrtth’the perffc8d*bf!hadj Ufo'tedt WHB th^ifcle elf i i«vtei : ‘ , ' li! - >u ' 5iv - ! L '-' 
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' ' w Experiments belowl®©*. - •• •• 



, 

B. 

PH 

D. 





1. 

2. 

4*18 

T. 38° to 42®. 


3:1 #1 . r; 



**{ T. 84° to 86°. 

8:2 

3:1 



2-98 T 

3*00 1# * 

3:2 



4-38 


2*88 

About 1 : t in the'' 

7. 

8. 


T.0® upward* 

3:2 

four experiments. 

■g 

4-47 

3-25 

3*30 

4:3 3*35 

AgO not weighed. 


6-10 

4*21 

3*93 

3:8 4-06 

•P 

1 

i 

% 


The experiments in this Table, arranged in the order of ratios, as those at the 
higher temperature, give the following series:— 

3£ : 2, one experiment. 

5 : 3, two experiments. 

3 : 2, seven experiments. 

4 : 3, two experiments. 

These experiments placed beyond doubt, that, under similar circumstances of tem¬ 
perature and mass, the loss of oxygen from the metallic oxide stood in a certain fixed 
relation to the quantity of the peroxide of barium employed. They showed also 
(speaking generally) that this loss varied inversely with the temperature, but yet it 
appeared that within certain limits (II. experiments 5,6,7, 8) the temperature might 
be very considerably altered without affecting the action. This was also the case, to 
a certain extent at any rate, with the mass; for a perfect agreement was found be¬ 
tween experiments where the quantity of oxide of silver taken was considerably varied 
or even accidental. At the same time it was to be observed, that in determining 
these ratios a great deal, would depend on the limits allowed for the error of analysis; 
and it was a question of great importance, and yet by no means easy to decide, whether 
they were absolutely such as I have here assumed them to be; that is to say, whe¬ 
ther the difference between two nearly identical experiments was to be attributed 
tq the error of analysis or to a real, though small, difference in the action. I deter¬ 
mined therefore to make a more extended series of experiments, in which I migbt ob- 

* The water is these two experiments mi cooled down in ice before it wupouredon the aubetanoee; at 
tide low temperature no gaa waa given off. The action wai allowed gradually to proceed u the temperature 
rose in the air. 
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AT THBJI0MBHT OVCBEMICALCBANGE. 

•erro the effect of varying the mass, at a constant temperature, and with the same 
preparation of the peroxide. 

The great accuracy of the silver determination and the comparative facility of de¬ 
termining by it the loss of oxygen from the compounds of this metal, caused me to 
confine to them my attention. Indeed it was plain from experiments I had made 
with the oxide of mercury, as well as with peroxide of lead, that the general, nature of 
the changes in qaestion was, with any one of these substances, the same. 

The following experiments were made with the chloride and the oxide of silver at 
100°, and at the temperature of the air: I had already found how very greatly at the 
lower temperature this circumstance might be varied without alteration of the action; 
and in this case the experiments are arranged without any special reference to the slight 
variations of the temperature of the air. The peroxide taken is the same for each 
series; the general form of the experiments was precisely as already described. 

Oxygen determinations. 

The determinations of the oxygen in the different preparations of the peroxide of 
barium employed, gave the following results:— 

I. Peroxide P. 

1 •—(1 •) 2 - 8970 grms. of a peroxide (P) gave with hydrochloric acid and bichromate 
of potash, a total loss of 0-425 grm. of oxygen, corresponding to a loss of 14-67 per 
cent, on the peroxide. 

(2.) 2-9215 grms. of the same substance gave, in a similar experiment, a total loss 
of 0-427 grm. of oxygen, corresponding to a loss of 14-61 per cent. 

The oxygen in 100 parts of the peroxide, calculated from the above experiments, is,— 

I. II. 

8-38 8-36. 

(3.) 2*823 grms. of the same peroxide in an experiment with platinum and acetic 
acid, gave a loss of 0*235 grm., corresponding to a loss of 8'32 per cent, oxygen. 

The mean of these three experiments gives 8-35 as the per-centage of oxygen in the 
substance. 

II. Peroxide Q. 

II.—(].) 2*9566 grms. of a peroxide (Q) gave with hydrochloric acid and bichro¬ 
mate of potash, a total loss of 0*457 grm. of oxygen, corresponding to a loss of 15*45 
per cent. f 

(2.) 2*9555 grms. of the same gave in a similar experiment, a total loss of 0*450 
grm. of oxygen, corresponding to a loss of 15*22 per cent. 

(8.) 2*955 grms. of the same gave with nitric acid and bichromate of potash, a total 
loss of 0*453 grm. of oxygen, corresponding to a loss of 15*32 per cent. 

Ibe oxygen in 1-00 parts of the peroxide, calculated from the above experiments, is,— 

I. II. HI. Mean. 

8*82 8-69 875 8*75 
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' (I.) ^8855^B. ttf i tlrt pet'<^ld6 y g&^ with platinrin} and acetic' acid, atotal ltfes of 
&2&/yjgftikf * *1 *'**>* ji i *'1* : «$ ’>*i ; ««.’ jf *&'?*'.<• i'I f »iU ** i- * 

■ ‘(a;) iiW74 gr*8. of thetome gave'wftfoplatitohta and acetic acid, a towl lodOf 

' 0-2S7 jg¥Mi of'i^itt. 1 "'' * ’' l,; ■**" 1 .t*< ».;l ».«, *k 

(i.) 2-847 gftni: of the satnegave with platinum and hydrochloric eeid/atotalloss 
of(GH241 grin. tif&tfgdti!' '‘V’ 1 ' '.*■ 1 •'■»* . - 1 .j -*. !■ h>;i■■:.*<, i • /.!..• >- * ltd' 

(4.) 2-9815’grtns. df the' satiie' gave, in a similar experiment, a totalhwsof <y354 
grm. of oxygen. ; ■ 

These (fe ter m ina t ions correspond to a.loa& of oxygenpcr-cent. aim 


8-65 


II. 

871 


lit 

8-46 


IV. 

8’«1 


Mean, 

8‘5€ 


|. Ilf. Peroxide 0. 

III.—(|.) 2-4875 grips, of a peroxide (O) gave with platinum and hydrochloric acid, 
a loss of (j‘191 grm. of pxygen. 

(2.) 2'515 grips, of the same, in a similar experiment, lost 0191grml of oxygen. 
(3.) 2jj296 grms. of the same, in a similar experiment, lost 0*204 gr|n. of oxygen. 
These determination^ correspond to a loss of oxygen per cent, of— 


The foil 


7*67! 


ii. ; 
759 


III. 

7*47 


Mean, 

7-57 


Experiments with Chloride of Silver at 100°C. : t 
lowing experiments were made with the peroxide P and chloride of silver at 


100° C. Thechloride of sttverwasin the draety^divided ^ 


t is produced 


by precipitating nitrate of silver, ipithj chloride of sodium. The precipitate with 

was dried either pt 109 °or at a gentle heat Over a lamp; it was, when driejd, in the state 
of a fine p owder. 

The fol owing Table contains the details of the experiments 
j Table I.—A. . i 


J , 

Peroxide of barium P. 

-j 

Chloride of silver 
takes. 

Chloride of diver 
obtained. 

Equferalettf of ox; 

■gm. 

I. 

9rm«. 

3*0115 

grant* 

0-527 

groia. 

0-280 

gnu. 
0-0155 1 


# 2, 

3*014 

1-003 • 

0-3945 

0*0219 ] 


9 3. 

3*0865 

1-404 

0-5633 

0*0312 


4. 

3*0455 

2-057 

0-8086 

0-0449 


5. 

8-0036 

4-011 , ... 

>1*019 

0-0566 


6. 

8-0206 

5*963 

1-0573 

0-0587 ! 


7. 

8*0295 

7-983 

1*1815 

0-9656 


8. 

2-968 

9*235 

1*087 

• 0608 


9. 

2-967 

11*139 

1*170 

0*0662 1 


10. 

8-0465 

11-064 

1-3105 

0*0728 i 


n. 

>8875 

"15*560 

1-3515 

0-075$ 

12. 

8*0696 

19*920 

1*3425 

00745 

13* 

8-0126 

0*059 

1*4795 

0*0322 



\ ®i-F^b,fi#Prae^?^^ filver 

is compared with the oxygen in the peroxide; the peroxide being, jgltyfm J (W* #pd 
I'MWWP 4hi^d Table, fctaken 

as tbe unit. Tbe third and fourth columns in both cases concha. ^e>, assumed and 
^W*^ ^tt;«fK%,Wgen lflst hytte pervade,,fft to M * 5 re¬ 

duced silver. I have assumed as this ratio the simplest ratip, agrees jWtMhe 
f WP»H( W a convenient and sufficiently accurate expression < 9 f ; |the . t 


Table I.—B. 



Table I — C*. 






7B6 MR. BROMR ON 7»B OON0IWON W (tSMIK MLEMBNTS 

160 parte of this peroxide require 109*f p«rt«oF chloride Of silver to one equivalent 
of the oxygen it coatains. Hence 3 grins. of the peroxide require 4*101 gran, of the 
chloride for the same proportion. ! 

In the firm fear experiments. In which comparatively amaH quantities of chloride of 
silver, at most net half ah equivalent, were taken, the loss increases nearly with the 
mass of the chloride, and bean therefore no constant ratio to the loss from the per¬ 
oxide. In 4ll these four experiments the chloride has been reduced ef»rly in the 
same proportion, but yet between the first and second experiment there is!a difference 
which is not found between the other three, as may be seen from the following com¬ 
parison of the chloride of silver taken with the chloride found. 


Exp. 

Chloridf of siHtar tflfcta. 

Chloride of iflver foum 

1. 

100 

63*1 

2. 

100 

30*3 

3. 

100 

40*1 

4s 

too 

30*3 


It appears from this comparison that in the three last of these experiments exactly 
two-fifths of»the chloride taken are reduced, and we may regard this limit of redac¬ 
tion as the circumstance which here determines the action. The gradual increase of 
loss, with the mass, does not continue, or the increase becomes very small, for one 
and three equivalents of chloride give very nearly the same amount of reduced 
silver, equivalent to exactly one-fourth of the oxygen in the peroxide. 1%erc is also a 
constant ratio of Joss, which appears likewise to be connected with the increase of 
mass where the ratio 4s ns 7 ^ and there is one exception to the order of the series 
where the loss does not stand in the same general relation to the mass, which may 
be observed in the other experiments. In this, however, the same simplicity of ratio 
prevails, and it is evidently a term of the series; the ratio of the loss being as 3:1. 
It is worthy of observation, that the turning-point of the action where the loss ceases 
to increase with the mass, lies at any rate near to that point where the decomposing 
bodies are taken in equal equivalent proportions. 

My experiments bad led me to suspect that some circumstance cannetted with the 
particular preparation of the peroxide employed materially influenced the results. 
This circumstance might be the proportion of free baryta in the peroxide, which was 
not quite the same in (Afferent preparations, or it might be some peculiarity in the 
molecular condition of the peroxide itself dne to some other cause; I repeated there¬ 
fore the experiments made with one peroxide with another preparation, and arranged 
these experiments apart. ! 

The following experiments were made alsowith chloride of silver at 100°, but with 
the peroxide Q containing 8'58 per cent, of oxygen. The Tables are of the same 
nature as before. 

naan of these quantities, nearly the same quantity of the peroxide, 3 grms., was, with some few exceptions, 
always employed. The experiments, as wEQ be seen, do not call for any more exact comparison than cut thus 
at a glance be made. 




m 
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Tabus If.—A., 


r_ 

Peroxide of 
barium 

Chloride of silver 
■ taken. 

Chloride of silver 
obtained. 

Equivalent of 

E 

wm 

*0S6Sgnm 

r 4*0015 grin* 

•‘5305 gmtf. 

0*895 gnu. 


2*971 

5*083 


0*03942 



8*0015 

0-73® 



3*14* 

f 8*745 

i 0*9845 

1 •*0548 1 

5. 

2-962 

10-129 

0*968 


6* 

3-001 

11-9955 


BUH 

i 7. 

2-983 

14*936 

1*126 

0*0827 l 

8. 

2-9545 

12-0175 

1*2245 


& 

2-9965 

16*185 

1-3995 

0*02381 | 


Table II.—B. 



Oxjrgen imhe peroxide 
of barium Q»o. 

Oxygen equivalent 
to the chloride of 
silver reduced ** 



Calculated ratio. 

1. 


0*96 

9 

l 

0*95 

B 


1*33 

1*36 

6: 

1 

1*43 



1*81 




5. 

8*58 

1*82 

9 

2 

1*90 

8. 


1*86 ! 






2*10 

4 

; 1 

2*14 

B 


2*31 

2*45 j 

7 j 

: 2 

2*45 


Table II. — C. 


■ 

Oxygen in the peroxide 
of barium 

Oxygen equivalent 
to the chloride of 
silver reduced « 

Ratio, e: 

Calculated ratio. 



11*18 

9:1 

11*11 

B 


15*5 

15*8 

6:1 

16*6 



21*0 




1 100 

" 21*2 

9:2 

22*22 

6. 


21*6 



7. 


24*4 

4:1 

25*00 

8. 

9* 


, 26*9 

28*5 

7:2 

28*57 


3 grras. of this peroxide require 4 grms. of chloride of silver as equivalent to the 
oxygen it contains. Thus the experiments from 1 to 6 in this series, were made with 
a proportion of the chloride, on the whole greater than the experiments 5 to 9 on the 
first Table. Yet a great diminution is to be observed in the loss of oxygen; in experi- 

5 h 2 
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meat 1 only 13*9 parts oat of 100 of the chloride are reduced. And here the ratio 
9:2 occupie s t he p lace of - th e r a tio-* r4 -or rO-on th e o th er s e ri es. Bot-tbe limiting 
ratio of 7:2 is in both series the same, and on the whole a certain increase of low, 
although nob a gradual increase, is to be observed with the increase of ttys chloride 
taken. Thes4 experiments confirm the fact, that under similar circumstances the 
different preparations of the peroxide have a different reducing power. j 


Experiments with Chloride of Silver at the temperature of the aif\ 

The next experiments were made also with the chloride of silver, but at a lower tem¬ 
perature, the temperature of the air. I had already found how very much at this low 
temperature tjbe temperature might be varied without alteration of the actfcn, and in 
this case the experiments are arranged without any special reference to the variation 
of the tempeittture. The peroxide in the first series was the same as thart taken in the 
last experiments, namely, the peroxide Q, containing 3 58 per cent, of oxygen. 

Table III.— A. 



Hi 

Pieroxide of 

Chloride of 

CUoride af 

Equivalent of 

barium Q. 

silver taken. 

diver obtained. 

. ° ,y r-., . 

1. 

2. 

|^4|pri*w. 

4-988 

1*366 gwn*. 
1*480 

0*076 gnat, 
0*0825 

3. 

3-0275 

6-1315 

1*545 

•*08612 

4. 

2*994 

8-0905 

1*9415 

0*10823 

ft. 

*97*2 

10-016 

2*848 

•*1138 

6. 

2-9532 

14-916 

2*019 

0*1125 i 

7. 

3*014 

9*9915 

2-336 

0*1302 

8. 

2*9915 


2-3*25 

0*1289 

9* 

2*0132 


1*5486 

0*0863 

i 

j_. 


Table 111.- 

-B. 
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The potht to be observed in these experiments is the great increase of reduction 
the lower temperature. The comparative experiments in this and the last series, 
show that from corresponding quantities of the chloride, as nearly as possible twice 
the amount cf silver is reduced; and these experiments, it is worthy of remark, take 
up the action!exactly at the point where the other series terminates, so tl|at the ex¬ 
pression of tbje relative loss forms a continuation of the series of ratios commencing 
with 7 • 2 ana terminating with 2:1. j 

The following are a few experiments made with the peroxide P, containing 8*34 
per cent, of okygen. 

i ' ' • : 


) 

i 


Table IV.- 

-A. 



Peroxide of 
barium Q. 

Cl 'oride of silver 
taken. ^, , 

Chloride of silver 
obtained. 

Equivalent of 
oxygen. 


..x.. 

2. 

i 

Ll_ 

... .3-4)20 gnw. 
3-032 

3-0236 

3-0005 

3-0046 

3-05 

- MlggtlM. - 
2*009 

3*895 

8*879 

6-11 

11*983 

--0»3715 gw. 
0-765 

1-484 

1-738 

1- 9495 

2- 065 

^ * w i yv|m 

,0-0426 

0-08244 

0-0962 

0-1083 

0-1147 


r 1 . ....... 

, 

Table IV.—B. 

; 


Oxygen in the 
peroxide of 
Murium 'P~«. , 

Oxygen equivalent 
to the choride of 
stiver reduced 

' 

Ratio,«: V'. 

- - --- 7 - 

Calculated ratio. 


*• 

2. 


1*04 

1*40 

8:1 

6:1 

1*04 

1*39 x 


< 

3. 

-. Mi .— 

2*70 

3:1 

2*78 i' 


'1l ’ 

3*26 

5:2 

3*33 

5. 

6. 


* 3*60 

3*72 

9:4 

8*70 
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1 

■saw 

Oxygen^eqttMa*** 
? t* the chlortte ut 

i *W4»*** 

/ Gataittted ratio. 

■ 

■ 

barium P— a. 

•Over reduced** i* 

i» ■ ; 


1 


; rp4T 

I6f06 

: »ii 

im 




* 6:1 

16*66 


I 

100 

6 32*61 

r $!l 

83*83 

mm 

1 


, 39*08 

6:2 

40-0 

LL. 



43*16 

44*60 

9:4 

44*44 , 


T 


The experiments with this peroxide give abvat the same range of action!as with the 
last. On th£ whole, however, the loss, here, as at 100° with the sarnie substance, is 
rather less, ^nt the d i fferenc e is not so a pp a re n t. ) 

‘ Jt 

Experiments with the Oxide of Silver at 100° C. 

Tie following are experiments with the oxide of 0idettt 10(P C. Hie- oxide was 
prepared either by precipitation with baryta water or with a pure potash. It contained 
no chloride bnt some carbonate, and was dried at 100°. The peroxide employed 
was tile peroxide P, containing 8-34 per cent, of oxygen; 3*63 gran, of the oxide of 
silver are equivalent to 3 grms. of the peroxide. 


Table V.—A. 



Panside of 
tartan P. 

Oxide of silver. 

Chloride of silver 
xwhgl 

Equivalent of 
oxygen. 

1. 

*, 

3*0265 gran. 
3*0296 


0*855 grms. 
1*395 

0*625 grms. 
0*8353 

0-0347 gran. 
0-0463 

& 

2*9807 


1*205 

' 69784 

0*0543 

4. 


X 

1*832 

1*165 

0*0647 

6. 

y 

2*236 

- 1*369 

0*0760 

6. 

2*997 


2*9«0 

- 1-5565 

0*0864 

7. 

2*982 

\ 

4*692 

1*492 

0*0831 

8. 



4*890 

1*510 

0-0841 

% 

3*0185 


6*182 

1-483 

0-08238 

iKS 

3*601 


6-266 

1*874 

0*1041 

11. 

2-986 


6*4675 

1*503 

0*0837 

12. 

3-067 


9*339 

1-6345 

0*0908 

13. 

3*019 


11*051 

1-7325 

0*09625 

14. 

3*0485 


7*810 

1-7785 


15. 

2-983 


4*912 

1*84 


*6. 

3*616 


15*676 

2*395 

0*133 

17. 

2*9725 

i 

9*5345 

2-001 

0-1116 

18. 

3*0075 


12*2036 

2-2365 

0-1248 
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Oxygen in the 

Oxygen of the 




peroxide of 

oxide of «0ter 

Ratio, a : 4* 

Calculated ratio. 


barium P*ml 

reduced** 4' 

l* 


13-66 



2. 


18*22 

5:1 

20*0 

3. 


21*82 


* 

4b 


25*77 

4:1 

25*0 

5. 


30-21 

7:2 

28-57 

6. 


34*53 


1 

7. 


33*33 



8. 


33*45 



9. 


32*61 

3:1 

33*33 

10. 

11. 

100 

34*53 

33*57 



12* 


35*49 



13. 


38*i2 ; 



14. 


38-84 

5:2 

40*00 

15. 


41*12 



16. 

17. 


44*00 

44*84 

9:4 

44*44 

•I 

IS. 


49*63 

2:1 

50*00 ] 


These experiments give the same results as those made with the chloride of silver 
at the lower temperature, aad comprise as these a series of ratios beginning with 7:2 
aad ending with 2:1. The experiments with the smaller quantities of oxide Show 
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nJf t'th ^ragnnive idtranfe si ion, asalready observed: with < the«Uo- 

rideFtht hitiMM hoMrw irnot m mostnot.!. In experiment*4And <5 ttactif half 
toe tattle ia rednaadi tbe ratio ta'thisitdxygen in. that oxide oftsilver token, to the 
-oxygen fteai tb^ taidei reduced, beinginlibetwa .experiments to 1 Wj 5M and 
100 '. 4© S1; the presence however o §darboaatei of silver in the «xide senders this Act 
less certain thantbe riroilarfact observed in -tbe case of the .chloride of silver 
(Table I.). *.'o'* •'» * ;* • »* ■>,(. <j r ■ ; .. M 

f repeated these experiments with another preparation of the peroxide, the peroxide 
O, contaMitagf peffceni. df oxygen? Sllgitfrt. of Oxide of silver w4 equivalent 
10 8 Igrms; of this peroxide. . i ■ .:.<•! . !;.>• - ... ( 

Table VI.— A. 



This difference, it is probable, extends also to the higher terms in the series, for we 
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have here* ratio <5-s3, which is-a greater loss than anyh* tl?6 othet series ofiexpari- 
meats; It isi worthy of remark, stoat the low par cent, on/the-peroxide is nearly the 
Same in the two, which might lead us to think that this loss stood, Jb some fixed wftio 
'to the baryta of the substanoe, with the whole of which the-oxygen of,the peroxide 
may be cohsideted-tobein combination. 'This however is doubtless but a cokjci- 
dence, as-the experiments with chloride of silver, made with different pceparatiousiof 
the peroxide, where similar differences exist, do not show this relation. ; ,;.tr} < 

'•••! 'Of.., iH - a- ...» , . . .., la ., !( ,: f 

»- ***■:}« t EtipqnritfnU. withthe Otqd? ofSilver at the temperature of the : mjr.. ( \ , 

The following experiments were made with the peroxide P ((containing $3* .per 
cent, of oxygen) and oxide of silver at the temperature of the air. 

% / t - f i i’ts I 

i. TablbVII,—A r-.— .., 


•* • 

Peroxide of 
barium P. 

Oxide -of silver. 

Chloride of sflvdr ' 
found. 

1 ] 

Equivalent of 
oxygen. 


1. 

2*999 grms. 

0*824 grmd. 

0*528 grmfi. 

0*2293 fenns 


2. 

3*004 

1-604 

0-9135 

0-0507S 


3. 

3-017 

3*123 

1*3915 

0*0773 > 


4. 

3*022 

3*994 

1-6815 

0-0934 


*8i'' ” 

' "3*039" ~ 

G'Slfr .. 

1*990 . 

■ 4H1S5- - 


6. 

3*04 

7*788 

2*057 

0*1142 

7. 

3*029 

.19*400/ 

: 2*041 

0*1133 

8. 

2*9417 

2*904 

2*2055 

0*1225 

9. 

3*059 “ 

"15*720 - 

T-37S5 . 

.0732-i 

10. 

15*925 

26*522 

13-677 

0*^59 

11. 

3*478 

9*405 

2-965 

! 0-1647 ! 

12 . 

3*021 

7*6195 

3-222 

0-1796 ; 

—i—„ ... 


Table VII.—B. 



Oxygen in the 
peroxide of 
barium P**«. 

Oxygen of the 
oxide of silver 
reduced « 

Ratio, 

a: 

Calculated r 

1. 


0*97 




2. 


w 

t 

* 



3* 


2-56'. 

'7 : 

2 .- - 

... - 

4. 


3*10 

5; 

2 ’ 

3-33 

5. 

8*34 

3*63 



, 

6. 

3*75 

9: 

4 

3*70 

7- 


8*74 




8. 

9. 


4*16 

4*31 

2: 

1 

4*17 

10. 

n. 


4*76 

4-70 

7: 

;I. 

. 4*70" 

12 . 


5*94 

7: 

i5 

5*9i 


MDCCCL. 
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Table Vil— C. 


. . , 

Oxygen in the 
peroxide of 
barium P-o. 

Oxygen oT the 
Oxide of «£hrer 
reduced— 

Ratio, a: 4 . 

Calculated ratio. 

i. 


11*63 

‘ 


2. 


2014 



& 


30*69 

? i9 

23*57 

4. 


37*17 

5:2 

40*0 

1 5. 


43*5* 

* ■ * -f 


6 . 

7. 

10 ° 

44*96 

[ 4i 'H 

9:4 

44*44 


- • - • 

49*68 

51*6? 

2:1 

5000 

IjS 


57*07 

56*35 

7:4 

! 

57‘1 

Hi 

■ ■ • - 

77*33 

7:5 

71*42 


When small quantities of the oxide of silver are taken, the loss is not very different 
from that at the higher temperature, as is also the case in the experiments with the 
chloride; but after a certain point the actions diverge, and the total general result 
gives an entirely different r&nge of action in the two series. In all cases, after a cer¬ 
tain point, the mass ceases to have a determinate influence on the action; and here 
this influence would seem soon to be entirely lost, for after the first two or three ex¬ 
periments, no relation whatever can be traced between the relative masses of the sub¬ 
stances and the proportion of reduced silver. At the same time, even these experi¬ 
ments, which we may regard as accidental, arrange themselves in a certain order, 
and give oi| the whole higher numbers in the series of ratios than any |et obtained. 
This series may be extended yet further; thus two experiments with peroxide O, at 
the temperature of the air, gave— j 


Table VIH.-A. 


; • 

Peroxide o>f 
TmHurn 0. ’ 

Oxide of silver, 

Chloride found* 

Equivalent of 

oxygea. 

1. 

3*936 grms. 

5*186 grms. 

2*3557 grow. 

0-1586 grm. 

. 2. 

3*06 

5*064 

3*0402 

0-1689 


Table VIIlA-B. 


, • i ! ' i ,{**• 

!> . ■'('<' »?,. 
‘/\U 

• ■in’T 



Oxygen in the 
peroxide of • 
barium 0 m<b 

Oxygen of the 
oxide of silver 
reduced*^, 

Ratio, a;^. 

. . ..i .. ., r . 

Cricalated jatio, u 

1 . 

h ^ 5 

7*67 

1 , .. 

5*42 

5*51 

7:5 

5* 40 V 











-■ • ' ! - V 'AT raraioMWT, or cb«iuc«l ghxkob/v.., . in -. 'Wf 
Table* VIII.—C. 



Oxygen in the 
peroxide of 
barium 0 ■> a. 

Oxygen of the 
oxide of silver 
reduced-^. 

Ratio, a ; 4* 

Calculated ratio. 

1 . 

2 * 

100 

71-59 

78-78 

7:5 

71*42 


These experiments, although made with but small quantities bf the ofxide, give a 
loss as great as any made with the other preparation. > 

Two experiments with the peroxide Q, at the same temperature, gave a yet greater 
loss. 


Table IX.—A. 



1 


Peroxide of 
barium Q. 

Oxide of silver. 

Chloride of silver 
found. 

Equivalent of 
oxygen. 

1 . 

2 . 

2*985 grins. 
2*9544 

7*878 grras. 
7*9215 

3*843 grins. 
3*801 

0*2142 grm. 
0*2119 



Table IX.- 

-B. 


Oxygen in the 
peroxide of 
barium Q*=a. 

Oxygen of the 
oxide of silver 
reduced 

Batio, a : 

Calculated ratio. 

1. 

2. 

8*58 

7-17 

7-17 

6:5 

7*15 

Table IX.—C. 

■ 

Oxygen in the 
peroxide of 
barium 

Oxygen of the 
oxide of silver 
reduced * 4. 

Ratio, a : 4- 

Calculated ratio. 

1. 

2 . 

100 

83-56 

83-56 

6:5 

83*33 


This is the greatest amount of loss which I have yet obtained in these experiments 
with silver compounds, which has never quite equaled the oxygen in the peroxide. 

The specific difference in the amount of reduction of the chloride and of the oxide 
of silver under otherwise similar circumstances with the same preparation of the 
peroxide, that is, at the same temperature, depends doubtless on the difference in the 
chemical nature of the substances. ; It was an interesting matter of inquiry whether 
this difference would be found with othersilver compounds: I have not yet extended 
my experim e nt s in this direction so far as the importance of the question demands, 
but the following results show both the identity and the difference wbifh may exist 
in the reaction. < 1 

The following experiments were made at 10QlC,with jBBrbona|e,qf silver and with 

5 i 2 
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the peroxide Q, whwhwiw, wedw^o jn fcbe experiwots with the ohlcwiide {TaMeJL). 
TwoeqiuxaleatsoftfaooarboBate were taken tooneof the peroxide, -.v n j i > r 


hi 


' f 1 t al 1 ■’* u;j*{ *»'M\ > *- »'< <»•*• i\ Wfi *' s\ Mff’T 

m*,. , i '« htyn *,i »>. •.( j 

, .M -1*1 

J '“ fcetfoxitteaF » 1 

Carbonaii’of silver. 

... 

! > * 
Jd 

2. 

3-03 

; 9!2Q^4 

9*2085 

1*339 grn*..; 
1*490 

iWrtgiWfe 

0*0830 

.■•!*..; U.i fi. n-'ll ■ 


\i '-•>/ : >1 V 


Table X.—B. 


; i< \ ' 

; Oxygei* in the 
peroxide of 

carbonate of tilver 
reduced 

Ratio, a : 4* 

Calculated ratio. 


8*58 

!■ 

'WmMWm 

■■ > • 7:» * ”■ 

, . .3:1 .. 



; - ‘ •«.,, •»••• TaBM X**r 

•C. , 1 • , •{! 

", ' 1 '' t 


Oxygen in the 
peroxide of 
barium Q —a. 

Oxygen of the 
carbon ate offerer , 
reduced *=4*. 

Rffctio, m : d*. 

Calculated ratio. 

1. 

100 

88*67 

, 7j2 


i 2. * " 

31*81 

3 s 1 

HEBU 


Two other; experiments were made with the same substance at a lower temperature, 

17° C. ".... 


Tw 8LE,KI.^. t 


i 

Peroxide of 


Chloride of silver 
found. 

Equivalent of 
oxygen. 


barium Q. 

t/aroonase at suver* 

:,i<* ' ■ > - : 

!•■ ■»*• 

2 . i\ 

1_ A-± 

.2*926 gma. 

3-012 

it - - 

- 9*2075 gnus. 

, 9-1525 

1*714grm. 
1*938 

0*95556 grin* 
0-108 

f, , I 


Table XI.—B. 



Oxygen in the 

Oxygen b/t^e * 

im- 



Vereuide ef 11 ^ 11 
barium Q*»«. 

reduced #• 4*? .. 

-"■**» • » T" ~— 


I -d 

— ms . 

( ( 

3*2f6 

■—-ms 

i - . 

^ P I , * -u T1 7- a 

«?£.. . 

nuj.f j 

W _ 


TxttTrxt:-=cr 



-JdJt 

d»//U 'lit* f< 
'In* Ir/iinii 
*/ii) tawfl 

• 1 ! .<) 
i !.)>;.! 


■iiftwnaut.. 

uai wune w rarer 

l**'*&*,'*: * 

ms V'isy lo n 


hf^fi v;j >•/ 
two t*‘>tmof* 
^ «i t>v!m 1.0 
19ifj .ZXHmti 

nuvw rj 

r L 1 h U* ? J 

t'Htl. j^,{r u 
iUtfnt>r>oc fi^i 

v4ff*MIi ui 

31^1^1 HU 

•*.: *iil o«I 
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determinations, and thus? the total !o& dPdiygeti wa$ bltlmatfedas Waif AT the Mrti J 
duced silver. The action proceeds more rapidly than in the experiments with the 
chloride and oxide, so as to render it* probable that a more accurate result might in 
this manner [be obtained with the carbonate than with those substances, jin the first 
experiment the tbtal loss was 12*19 per cent; in the Ifecond, i T91 per Jcent. The 
sum of the oicygen in the peroxide and that due to the silver reduced, as jkven by the 
determinations* is in the first experiment 11*84 per cent. ; in the aecon o, 12*16 per 
cent.; which so agree with the other pumbers as to show that no oxygen is retained 
by the substances. 

On turning to those experiments with the chloride of silver at 100° C.jand at the 
lower temperature, with which these experiments are comparable (Tables jl. and II.), 
it will be seen that the reduction is nearly the same with the two substances. 

With sulphate of silver the result was very different. The twb following experU 
ments were made with pure crystallized sulphate of silver and the peroxide Q, at 
100° C. In the first experiment one equivalent, ih the second two equivalents of the 

sulphate were taken. .. * ** 

Table XII.— A. 


! 

Peroxide of 
barium Q. 

Sulphate of silver. 

Chloride of 
silver found. 

Equivalent of 
oxygen. 

1. 

2*9^9 grms. 

5*449 grms. 

! 0-11S grm. 

O*00B57grm. 

■ 2. 

3*005 


| 0-8«S , j 

0-03921, i><# 


TaCle XII.--B. 


[ 

i . 

Oxygen in the 
peroxide of 
barium Q = a. 

Oxygen of the sul¬ 
phate of silver 
reduced *» yf>. 

Ratio, a : • 

' Calculated ratio. 

; i* 

2 . j 

8-58 

0:221 
k t 

1 40:1 

’ 0*121 . 




— vya.. 


>\ 1 / 


!.*. Table XH.pCr * -;-] 

i___.____ l_ _ 1 : ' ' ■ ‘ 


Oxygon in the 
-peroxide of 
barium Q»a. 

Oxygen of the *ul- r ' 

■ pfaate of -stiver 
reduced** r \ 

-Ratiojrtr»4»--- 

Calculated ratio. - 

L x.,— 

2. 


2*57 

. 40; I 

2-5 

*.1tW“ .. 

n-66 

-T rrr d 

9:1 

tan- 

ii-i 
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' I tmve now brought Ibis investigstkmtw that point at which* forsbe present!shall 
leave it. >‘l would willingly have attempted to' render these' tables of experiments 
more complete, had it not appeased to 10 © that there were certain defects to? the mt- 
thod ofexperimenriog which rendered this course uoadvisable* Ctoemoat important 
question is, whether tbesCriesof ratios by which ! have expressed the relativeloss of 
oxygen from thetwo substaaees is truflyan intermittent or heaqUnuous series, that 
is to say, whether thereare or are wot certain pointswherethto rcHioie constant 
although the proportions of the masses am varied;' That there is with each chemical 
substance at least one such point, namely, u certain limitof- reduction beyond which 
a great increase of the mass' of the substance to be reduced dries wot alter the action, 
may.Ithiofc.beasserted with confidence, and without ha any way implying that 
all the ratios which these experiments have brought to light are of this nature % yet it 
is d ifficult toaeoeunt for the great coincidence of experiments made with very different 
proportions of the substances, without admitting a tendency of the action to fall into 
certain ratios ratber than into others, indeed the experiments appear to me to indi¬ 
cate both that for certain intervals the loss of oxygen truly does vary directly with the 
mass of the substance reduced, and that in certain other points tbemass may be varied 
and the loss yet be constant. In these experiments, however, I coaid never secure 
that perfect agreement between two experiments made under exactly similar circum¬ 
stances^ by which iatane I could hope to answer a question demanding such exactness, 
(toe principal reason of the anomalies which the experiments occasionally exhibit is 
doubtless, that by simply mixing the substances* even where the same quantities are 
taken in two experiments, the same conditions Of mass are yet not realized: I therefore 
turned my attention to other methods of experimenting, by which it is my hope to 
answer this question in.* more exact and satisfactory manner. My experiments are 
not yet complete* but I may mention, that by operating with solutions, I have 
obviated this difficulty. Lastly, let me thus sum up the general results of these ex¬ 
periments. First, the amount of oxygen lost by the substance reduced is, under cir¬ 
cumstances otherwise similar, in a definite and constant ratio to the quantity of tbe 
peroxide of barium employed. Secondly, this loss is greater as the mass of the sub¬ 
stance reduced is increased, and diminishes as the temperature at which the reduc¬ 
tion takes pkoe israised. it variesalso with thepreparation ofthe peroxide. Thirdly, 
in each series of experiments there is a certain definite limit of reductidn beyond which 
at any rates Very great increase of the mass of the substance reduced causes no in¬ 
crease of the loss of oxygen*. Lastly, in reference to that chemical question from 
which this inquiry proceeded, namely, how much oxygen is lost by the substance re¬ 
duced in proportion to the loss of Cxygen from the peroxide of barium, it is to be ob¬ 
served, that however much the circumstances are varied, there are yet two limiting 

* ft appewfrom other experiments which I her* made, that with eafch chemical subetanoe there * eptt* 
rifie limit of redaction of this kind; thue, for etampk, in the eipemaentwith chi^m^kdd|J.779),theo% 
reason of the constant reaction there obtained* i» that by taking a very great esene of tbe Of potash, 
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satios between which the whole action is comprised, either of which may be .olmpst 
indefinitely approached. These are the limit of least reduction, in fwhiefa the ratioof 
the loss from the peroxide of barium to that from the metallic oxide is infinite, or es 
1 sOs mid the limit of greatest reduction, which is the ratio of equality, in which this 
two substances would lose an equal amount of oxygen. This limit also, m no one 
experiment with any silver compound, have I ever exceeded or reached. The first 
limit is that io which the action would be a pure reduction by contact, such as 
takes place when platinum or carbon are the substances which cause the dcQompOr 
sitioa. The other would be a purely chemical .action, such as may be .seeninan 
experiment to which I will now proceed, and which, although perhaps, not at.firtfc' 
aight as striking as the reduction of the metallic oxides, is, philosophically, considered, 
quite as remarkable, being indeed the same experiment, but detached from cineuetn 
stances which give in the other case the apparent differences to the reaction; 

Action of Iodine on the Peroxide qf Barium. , t . 1 ■. 

It occurred to me, that if it were for the reasons 1 have stated, that the iodide and 
chloride of silver decompose the peroxide of barium with the evolution of the oxygen 
it contains, iodine and chlorine should produce a similar effect. Indeed this wasm 
very critical and important experiment; for we know the action of chlorine and 
iodine on baryta; and on tbe view which is usually taken of this decomposition and 
of other analogous changes, namely, that the iodine takes away the barium from the 
oxygen because of its superior affinity for the metal, and that the oxygen which in 
thus liberated combiues with the iodine because it is in a nascent condition, and 
thus converts it into iodous or iodic acid; by acting on iodine with the peroxide of 
barium, we ought to have just twice as much iodic acid formed as in the other caser; 
nor was there any apparent reason why the oxygen from tbe peroxide of barium 
should not oxidise as well as the oxygen from the baryta. The same iodine, the same 
barium, and tbe same oxygen are supposed to be present; and if tbe iodine acted at 
all on tbe peroxide, the oxygen would still be nascent. Considered however from that 
theoretical point of view which I have given in the early part of this paper, there was 
no reason to expect this result. I have there suggested (p. 767), that in tbe action of 
iodine, upon baryta, the combination of iodine and oxygen takes place solely on ac± 
count of tbe polar relation in which the particles are placed under tbe peculiar em 
cametamsea of the action. Each particle in the change being alternately positive and 
negative, thus;— ' ' ’' * ‘ 

" . " t?BaO=IBa+K>. * 

■ I. ■: • (• ■' ' • '*■ ■ ' -J * 

I at once determined the action to a limit which it could not exceed. When small quantities of the bichromate 
m employ ed the result is entirely different, and a very small quantity of the bichromate decomposes a very 
u T - r - of the peroxide. The reaction which 1 have given (p. 769) is toaoertain. stem hypothetical, it 
ie^Jhnh^ityMert reduction. ... . 
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When physphoruS arid iodine arpnsed instead of iodine in this experiment, no essen¬ 
tial change has taken place in the causes winch ’determine the combining condition 
of the particles, but a particle of phospbqras now stands in the same relation to the 
baryta as the partiple of iodine in tbeotbeeexperimentj thus*— 

I + -+ - : ! 

! P IBaO=IBa+PO. f 


Now if thus intercalating the particle of phosphorus transfers this action from the 
iodine to the phosphorus, so also intercalating a particle of oxygen-might transfer the 
action from the iodine to the oxygen itself, which would now be )the truly oxidized 
body, provided of icourse that the particle of oxygen thus intercalated were a body 
which stood to the! other particles with which it was in contact, in the same chemical 
relation as the iodine and phosphorus in the other changes; nor do I see that this 
substitution of the oxygen for the iodine is more truly extraordinary than the sub¬ 
stitution of the iodine for the phosphorus. Indeed, if we inquire into this causes of 
chemical change, the two would depend essentially upon one and the’same fact, 
namely, a chemical difference between the particles of the element. In the one case 
we have the* chemical division of the element, in the other the chemical synthesis to 
explain; and to give a philosophical account of either fact we must assunte alike the 
existence of) a chemical difference between its particles. Now, when wet substitute 
peroxide of fiariuttt for baryta in the iodine experiment, this very intercalation of the 
oxygen has been effected, and the conditions of the change been fulfilled, the polar 
cycle being completed, thus:— 

rBaOO=IBa+0,. 

i j • 

In fact, when water is poured upon a mixture of peroxide of barium and iodine, a 
violent evolution of gas occurs, and the same when chlorine is led into water con¬ 
taining the peroxide, or When the peroxide is thrown into a solution of hypochlorite 
of lime in acetic acid. 

This experiment with iodine is so important, that I shall give at full length the de¬ 
terminations of the quantity of gas evolved in this reaction. The experiment was 
made in the small bhlb-apparatus already described, p. 77? ‘ ’ . 

The weighed peroxide and weighed iodine were mixed in the flaft,the bulb being 
filled with distilled water; the apparatus was weighed, and the Water then allowedto 
descend on the mixture. The loss on again weighing the apparatus is the oxygen 
evolved. The same precautions are to be takenin the experiment as in the or 
determination.' 
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Peroxide of 
barium Q, 

Iodine. 

Lou of oxygen. 

1. 

1*994 grtna. 

* 36*24# gnnk 

0*187 grra. 

2. 

0*973 

16-082 

0*164 

S. 

0*843 

11-633 

0*140 

4* 

1-499 

13*5485 

; 0*236 v 

5. 

1-845 

178225 

0*315 

6. 

*•0675 

17*130 

0*358 

7* 

0-7995 

5*5325 

0*140 t . M : 

8. 

1-9364 

10*6495 

0*331 

9. 

1-2405 

5*277 

0*212 

IQ. 

1-375 

3*517 

0*215 


tabw xih.—b. 



Oxyg&i in the 
peroxide Q. 

Loss of oxygen. 

Oxygen in the 
peroxide. 

Loss of oxygen. 

1 . 


17-09 


199*1 

2. 


16*85 


196-3 

3. 


16-60 


193*4 

4. 


16*89, 


196*8 

5. 

6 . 

8*58 

17*06 

17*31 

100 

198*8 

201*7 

7* 


17*51 


204*0 

8. 


17*09 


199*1 

9* 


17*08 


188*0 

10. 


16*86 


1<*6*5 


The mean of these experiments gives the ratio of the oxygen in the peroxide com¬ 
pared with the loss, as 8*58 : 17*03, or as J00 :198*4. They clearly prove that the 
reaction is as I have stated. The quantity of iodine taken varies from 2 to 20 equiva¬ 
lents. The number of these experiments may appear superfluous, but ther^were some 
circumstances connected with the reaction when a smaller quantity of iodine was em¬ 
ployed, which caused me particularly to inquire whether any excess of iodine would 
alter its nature. It is plain that this cannot be done. I have also ascertained the 
fact, that with a perfectly pure peroxide an equivalent of iodine always decomposes 
exactly an equivalent of the peroxjfci^ so that, if an Excess of thp perpxide b$ taken it 
remains undeporapo^ed. Ihiliis important poipt this reacWoi^ diners'j^ro^^tbe^o^er 

experiments I have given, in which very small quantities of the sdbstadbe decom- 

v - ^ 9 *■* iV' " '■ 1 1 Lii ,M *fY '’l i- 

pose the whole of the peroxtqe present. With iodine ,thi$ will not take Place, 

J ^The deeomposititm bSf the chloride of silver by the peroxide of barium is^a 
4. -- i — lt8 , 0< J, ne an( j the reduction of the metallic ox 


true 


ImR between these experiments . 4 

In whatever, i»tjonal form we may express these fa^ts, % t fact ?i thei^lyes are flie 

f. -^ected, nor for the hresept 

- U'^YXCL iO .U,'X Fin Hc'b 


"JIM 
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qhange i*k«s place* by the dta^unpoeUipn ofwgter, exfotbatfoeaxy^ 
foemedis #te ri»»lt of, the combination pf tbeefoment of tb*? 
of ttMippmaUb!, or whether we consider the iodine to he transferred, directly to the 
bariuov&nd the whole of the oxygen to coine frora the peroxide itseif. ^batever 
theory accounts for this reaction, the same theory, ! will venire, to, asseti* wijl ex- 
plain the decomposition of the metallic oxides. It remains only ,to show why it is 
that this decomposition with iodine comes before us as a chemical reactiop of fhe 
simplest nature, and that in the other experiments the decomposition is apparently 
so variable. The reason I helieve to be. this, that in these latter experiments the 
peroxide, is,simultaneously decomposed in two ways, between which we must discri- 
minate, hy tbe action of contact and by the chemical action of. the oxide : 0r chloride. 
The decomposition by platinum is a pore contact action, in which the perpude loses 
only one equivalent of oxygen. The decomposition with iodine is a pure chemical 
action, in which two equivalents of oxygen are given off. The, action, with metallic 
oxides is an action compounded of these two, and therefore it i§ that the loss, as I have 
already pointed out, ever lies between these two limits. There are two causes by 
either or by both of which this decomposition may be effected; the one, the metallic 
silver or other substance which is the result of the reduction; the other, the very 
oxide or chloride or peroxide itself which is reduced. Certain pxides which are not 
themselves reduced, can unquestionably act in this manner; and it, is highly probable 
therefore that those which are reduced, and which belong to the same class of bodies, 
have the same property. On this view therefore the law of the formation of the 
oxygen is ever one and the same, and so far as relates to the chemical action of the 
peroxide of barium on the metallic oxide this is ever definite. The, Amt therefore 
which is expressed by . the series of ratios is by no means any different forms of com¬ 
bination of the. particles of the oxygen with,each other,but simply foe wayfo which the 
decomposition of the peroxide of barium is distributed between these different modes of 
action, and the relative velocity with which these two modes of decomposition take 
place. If, for example, the ratio of the loss of oxygen from the peroxide of barium to 
that from the metallic oxide, be as 4:1, three parts of the peroxide of barium will have 
been decomposed by the contact and one by the chemical action; if the ratio be as 2:1, 
the -decomposition will have taken .place in equal proportions , between {be %w,o. ( ^11 
tfie phenomena are perfectly consistent with this view,* As a fi^t, ^ the 

contact action proceeds far more rapidly at a high than at ,a Jpjv, tf mpeffifore j»we 
need not thprefi>re be enrprised if the relative yripcity of ^^hgn^i^lj^lqSp 

'i * Jhftfewri? fasting the dry pepqxide 

hyt th.eiopaof wap only ,^St of ftf. river., It ia hpwpr^.rei^tpbjp, tba| wjbedte^ 

ma.nner 'with chloride of silver, the chloride is reduced and the two equivalents of oxygen of the peroxide 
evolved. tfhft *cl>ihp6xi«on takei pi"* with i,’i»dt witttihne jidl I'ihsiilljsAf rispetfffii/iilt 
U onitnected-withithe pequlUr property of baryta of t*king upa»ecori : eqw?riest riiS»»y(po,|n4ri , ^ 0 ?*' oot 
belong to lime. It is moreover extremely difficult to prepare a.for?** -V#* 
as to make a truly comparative experiment. 
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increases with the temperature. By increasing the mass of the oxide or chloride, on 
the other hand, the velocity of the chemical action is relatively increased; in this case 
therefore we have a great reduction. Again, a substance in a fine state of division 
is decomposed more rapidly than one which is dense and compact; here, therefore, 
and in other similar differences, is the cause of the different results given by different 
preparations of the peroxide*. 

By the words contact and chemical , I mean to express no theory, and am indeed 
drawing but a momentary distinction between facts, for I cannot believe that the 
one of these portions of oxygen is formed according to one law and the.other in a 
different manner, that the one fact is a chemical synthesis and the other not. The 
only difference between them I believe to be, that in the case of the action I have 
called chemical, the peroxide of barium decomposes peroxide of lead, or oxide of 
silver, or the like; and in the contact action one particle of peroxide of barium decom¬ 
poses another particle of the same substance, the platinum, silver oxide or other 
body causing that chemical relation between the particles which renders the decom¬ 
position possible. The important question as to the nature of that definite relation 
which these experiments indicate between the contact action and the chemical action, 
I reserve for future inquiry. 

I have made various experiments to ascertain whether the same kind of reduction 
could be effected by means of other metallic peroxides, such, for example, as the per¬ 
oxide of lead or manganese, as with the peroxide of barium and potassium, but with¬ 
out success. I believe this to admit of a very rational explanation, and that this re¬ 
ducing power is a result of the peculiar chemical nature of the alkaline metals and 
their compounds; in short, of what is usually termed their powerful chemical affini¬ 
ties and position on the electro-chemical scale, to which indeed we may distinctly 
trace it. This relation may be expressed in various ways, but which mean essentially 
one and the same thing. If, for example, in the last experiment we express the change 
which takes place thus— 

BaOOOH I=BaI+0 2 +H0, 

v_ > 

it follows, from the view I have given of the mutual relation of these particles, and the 
interdependence of these chemical changes, that we cannot substitute for the barium 
a metal which stands in a different chemical relation to the pdrticles between which 
it is placed without altering the relation of all the other particles of the system, so 
that if the chemical difference on which combination depends does not exist between 
the metal and the iodine, neither can it exist between the particles of the oxygen. In 
this way the fact, at first sight very anomalous, admits of a very simple explanation, 

* I by no meant with to exclude from these a real chemical difference in their nature, which the behaviour 
of certain analogous bodies leads me to suspect. 
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that the peroxide of barium, the leas reducible peroxide, is that which under these 
circumstances is thus readily decomposed. 

Lastly, let me observe, that I have limited my assertions as to the nature of the 
elemental bodies, to the statement, that. under ^rteip co^i^qps. fhpoe ^ists a che¬ 
mical difference between the, particles pf which they coupef. On the chemical nature 
of these particles I have offered no opinion! 'The apparent and obvious inference from 
the experiments is doubtless that the elements form a peculiar group of chemical sub¬ 
stances, consisting of similar particles or atoms m a state of combination, as other 
bodies consist of dissimilar. Of this view, in the early part of this paper, I have already 
spoken t it is the hypothesis of Aupfou*. Many, theoretical difficulties, however meel 
us, when we come logically and consistently to carry out tbis idea to tbe explanation 
of chemical phenomena, especially to the phenomena of direct combination and to 
the simplest cases of chemical decomposition 4 and it by no means follows that, 
although the apparent, it is the rational and philosophical interpretation of the expe¬ 
riments. Besides this view and that of Bkrzsuus, there is yet a third, hypothesis 
which we. may form as to the constitution of these elements, namely, that they con¬ 
sist of yet other and further elements. On this view, the real fact which lay hid under 
these phenomena, might be the synthesis of the oxygen from the ultimate and further 
elements of which the oxygen consisted. In the present state of ear knowledge it is 
useless to dilate on this idea; but on the assumption that the elemental bodies are in 
this sense compound, we may, I believe, account for ail these experiments without ever 
assuming a chemical difference between two similar particles ;«ndit appears to me 
perfectly possible, that in such a constitution of the elemental bodies, these experi¬ 
ments, together with the phenomena of allotropy, may find their ultimate solution. 
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XXXVIII. Supplementary Observations on the Diffusion of Liquids. 
By Thomas Graham, F.R.S., F.&S. 


Received May 2,—Read June 20,1850, 

THE experiments of my former paper famished strong grounds for believing that 
ieomorphous salts possess a similar diffusibility. AH the salts of potash and ammonia, 
which were compared, appeared to be equi-diffusive i so also were the salts of Certain 
magnesian bases. A single preliminary observation on the nitrates of lead and baryta, 
however, opposed the general conclusion, and demanded further inquiry. It is scarcely 
necessary to say that any new means of recognizing the existence of the Isomorpbona 
relation between different substances, must prove highly valuable. Let us inquire 
therefore how far liquid diffusion is available far that purpose. 

The salts were still diffused from weak solutions, that is from solutions containing 
from 1 to 8 per cent, of salt; but now a measure of the solution, equal to 100 grs. of 
water, was made to contain I grain of the salt, to form what is called the 1 per cent, 
solution; instead of 1 grain of salt being added to 100 grs. of water, as before, without 
reference to the condensation which generally occurs. The quantities l, 2, 4 and 8 per 
cent, thus indicate the parts of salt present in a constant volume of liquid,—as 10, 
20, 40 and 80 grs. of the salt in 1000 water grain-measures of the solution. The 
same phials for the solution and jars for the external water-atmosphere continued to 
be used, and the manipulations were similar. It is believed, however, that the tem¬ 
perature of the liquids was maintained more uniform in the new experiments than 
the old, partly by the better regulation of the temperature of the apartment, and 
partly by placing the jars close together upon a table with upright ledges, and cover¬ 
ing the whole over with sheets of paper during the continuance of an experiment. 
The mass of fluid in 80 or 100 jars, which were employed at once and placed together, 
made the small oscillations of temperature, which might still occur, slow and less 
injurious. 

The investigation is also extended to several new substances, such as hydrocyanic 
acid, acetic acid, sulphurous acid, alcohol, ammonia and salts of organic bases, without 
reference to isomorphous relations. It is very necessary to have data which are 
minute and accurate respecting the diffusion of a considerable variety of substances. 
This it is my present object to endeavour to supply, leaving speculative deductions in 
general respecting the nature and laws of liquid diffusion for a future occasion. 

The density of all the solutions was observed at a constant temperature, namely, 
60 ° Fahr. * 
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1. Hydrochloric Acid. 

Tbe period of diffusion arbitrarily chosen for this acid was five days. The difiiisate, 
or quantity of acid diffused, was determined by precipitating the liquid of tbe ex¬ 
ternal reservoirs with nitrate of silver, and weighing the chloride of silver formed. 
In the 1 and 2 per cent, solutions, the liquids of two jars were generally mixed and 
precipitated together. 

(1.) Hydrochloric acid, 0*99 per cent.; density r0043. Diffused at 53°*5, in six 
cells, 7*52,7'52,7*42; mean 7*49 grs. for two cells. Calculated for 1 per cent., 7*56 grs. 
at 53°*5 for two cells, or 7*41 grs. at 51°, when corrected for that temperature. 

(2.) Hydrochloric acid, 1*92 per cent.; density 1‘009. Diffused at 51°, in eight 
cells, 14*71, 14*05, 14*54, 14*47; mean 14*44 grs. for two cells. Calculated for 2 per 
cent., 15*04 grs. at 51° for two cells. 

(3.) Hydrochloric acid, 1*993 per cent. *, density 1*0094. Diffused at 62°*8, in six 
cells, two experiments on one-sixth part of the mixed jars gave 8*203, 8*198; mean 
8*20 grs. for one cell, or 16*40 grs. for two cells. Calculated for 2 per cent., 16*46 grs. 
at 62°*8 for two cells. 

(4.) Hydrochloric acid, 3*90 per cent.; density 1*0190. Diffused at 5J°, in eight 
cells, 29*18, 30*70, 30*70, 29*26; mean 29*96 grs. for two cells. Calculated for 4 per 
cent., 30*72 grs. at 51° for two cells. 

(5.) Hydrochloric acid, 7*90 per cent.; density 1*0380. Diffused at 51°, in four cells, 
32*71, 33*64, 33*64, 33*74; mean 33*43 grs. for one cell. Calculated for 8 per cent., 
33*84 grs. at 51° for one cell. 

Comparing the diffusibilities of the 2 per cent, solutions (2 and 3) at 51° and 62°*8, 
an increase is observed from 16*04 to 16*40 grs., or from 100 to 109*1, which gives an 
increase of 0*77 per cent, for 1°. This method of estimating tbe effect of temperature 
is not exact, as the times only in which an equal diffusion at the different temperatures 
takes place are truly comparable. We may deduce from it, however, the effect of 
the small difference of temperature of 2°*6 of the 1 per cent, solution from the 
others, as has b%en done, without sensible error. The diffusatesat tbe same tempera* 
ture would then be as follows:— 

Diffusion of Hydrochloric Acid in five days at 51° Fahr. ; two cells. 


Grs. Ratio. 

From 1 per cent, solution.7*41 0*97 

From 2 per cent, solution. 15*04 2*00 

From 4 per cent, solution. 30*72 4*08 

From 8 per cent, solution. 67*68 9*00 


The increasing diffusibility with the larger proportions of acid here observed is 
unusual, at least in the degree exhibited by the 8 per cent, solution. Other substances, 
as will be immediately observed of nitric acid, appear to lose proportionally in diffb- 
sibility as their solutions are concentrated. 






noj* 9 Mft) 6 K 4 M-! 0 M nem wfusiqw qp ; i«HiisWi,, 80& 

Hydrochloric acid belongs to the most diffusive, class of substances known; it ap- 
P<W,tP fW*A hydrate of ppjash at 53% as 7 56 to 6-12, or ae 100 to 80-9*. ...... 

rhe rapidity with which hydrochloric acid diffuses, and the facility with whjcb tliat 
su^stapce tnfty be estimated, induced me to examine the progressipnwith which its 
d. - on §1* plftpe with increasing times in a minute manner, ^he 2 percent, solu-, 
tion was diffused for times increasing by six hours, from twelve hours or 0*5 day to '. 

Vt a' 8 “ “ ^ . being diffused for every period. Instead of determining the acid ' 
diffused separately in each jar or pair of jars, the contents of the six jars of each ex¬ 
periment were mixed together, and a definite proportion of the liquid precipiteted by 
nitrate of silver, so a? to obtain at once the mean result. Another observation for ' 
75 aays is added, although made at a sensibly higher temperature. 

Diffusion of Hydrochloric Acid, 2 per cent, solution; one cell. 


Time. 

Temperature. 

DifFusftte in grains. 

Difference*, 

day*. 

0-5 

53-75 

0*909 

* 


53*75 

1*312 

‘403 

l 

53*75 

1*766 

*454 

1*25 

53-75 

2*353 

•587 

1*5 


2-596 

-243 

1*75 

53*58 

3-178 

*582 

2 


3*410 

•232 

2-25 

53*42 

3-967 

*557 

2*5 

53*58 

4-339 

*372 

2-75 

53*50 

4-618 

*279 

3 


4-969 

*351, 

3*25 

53*50 

. 5-304 

*335 

3*5 

64-S5 

5-857 

•553 

3*75 

64-85 

6-254 

*397 

4 

54*85 

6-407 

•153 

4-25 

5*85 

6-795 

•388 

4*5 

5*71 

7-034 

•239 

4*75 

54*71 

7-473 

•339 

5*75 

56-46 

8*363 


The differences are evidently affected by accidental errors of observation- - The, 
diffusion at 3 - 5 days is also increased by a rise of temperature of more than 1? ia that 
and the following experiments. The diffusion always increases with the time, but less 
rapidly, according to a gradually diminishing progression. i > o 


2. Hydriodic Acid, Hydrobromic Acid and Bromine. ■ 

Hydriodic Acid .—Time of diffusion five days, as for hydrochloric acid; The acid 
diffused wasestimated from the iodide of silver which it’gave When precipitated by 
nitrate of silVer*. ' *’ '* • 

Hydriodic ipee J pei|t,i i( d#hsity ,1-6143. , Diffiwwi M mgbt eeJIs, 

MW3& 1$#7 grs.ior tw? eells. C^cpja^fpr^ P^ pent-, 

* Philosophical TransiotiDfW*4S5& p* ■ ■»ij\*>r \ -n. ‘. uu * 
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These experiments indicate a similarity of diffusion between the two ispcaorphous 
substances, hydrochloric and hydriodic acids. 


Diffusion from 2 per cent, solutions at 51° Fahr. 


Hydrochloric acid . . • • • 15*04 100 

Hydriodic acid.15*11 100*46 


Hydrobromic Add .—lime of diffusion live days. The diffusate was estimated from 
the bromide of silver. , 

(1.) Hydrobromic acid, 1*556 per cent.; density 1*0112- Diffused at 59°*7,in eight 
cells. The whole diffusates mixed together gave by analysis a mean of 12*pp,gr^ of 
hydrobromic acid in two cells; calculated for 2 per cent., 16*58 grs. in tyre cells, at 
59°*7. 

(2.) The experiment was repeated at 59°*8, with a solution containing 1*678 per 
cent, of hydrobromic acid, of density 1*0116, with five diffusion phials not employed 
above. The mean diffusate for a pair of cells was 13*05 grs. of hydrobromic acid; 
that is, 16*53 grs. for a 2 per cent, solution, which is as nearly as possible the result 
of the preceding series of experiments. 

(3.) Another solution containing exactly 2 per cent, of hydrochloric acid was dif¬ 
fused for comparison in eight cells, in the same circumstances of time and tempera¬ 
ture as (1.); its density was 1*0104. 


Diffusate from 2 per cent, solutions at 59°*7 Fahr. 

Hydrochloric acid. 16*55 100 

Hydrobromic acid. 16*58 100*18 

Hydrobromic acid appears therefore to coincide in diffusibiiity with hydrochloric 
acid at this temperature. It may be remarked that these three acids, hydrochloric, 
hydrobromic and hydriodic, do not exhibit the same correspondence in another phy¬ 
sical property, namely, the densities of their aqueous solutions containing the same 
proportion of acid. The densities of 2 per cent, solutions of hydrochloric and hydri¬ 
odic acids appear to be respectively 1*0104 and 1*0143, at 60° Fahr., and that of 
hydrobromic acid will obviously be an intermediate number. The same acids are 
also known to differ considerably in the boiling-points of solutions containing the 
same proportion of acid. A considerable diversity of physical properties appears here 
to be compatible with equal diffusibiiity in substances which are isomorphous. 

Bromine .—Pure water readily dissolves more than 1 per cent, of this substance. 
The solution prepared, however, contained only 0*864 per cent, of bromine, as was 
ascertained by treating it with sulphurous acid and afterwards precipitating by 
nitrate of silver. Its density was 1*0070. It was evident, from the slow Appearance 
of the brown colour in the exterior cell, that bromine diffuses less rapidly than hydifo- 
bromicacid. ‘ r ' 
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ine diffusion-time of bromine was n^dfi' ^ 

bromic acid. Two cells contained together a diffusateof 5-80 grs. of' bromine ( an¬ 
other two cells a diffusateof 5*88gi$, ;mean 5’84 grs. at 60°*1 ; or 676 grs. for 

a 1 per cent, solution. Doubling the last result we have 13*52 g^s. for a 2 per cent, 
solution, which is still considerably under the diffusate of hydrobrOniic'acid (16*58 grs.) 
in half the time! " **'<* * 

1 3. Hydtocyanic Adi. ' ^ \ n>U 

Time of diffusion five days. The acid diffused was estimated from the cyanide of 
silver which it gav6 with nitrate of silver. ' " ,/n ’ 

Hydrocyanic acid, 1*766 per cent., made up to a density of 1 *01421 #ith sulphate bf 
potash. 'Difitued at 64°*2, in six cells, 11*40, 11*86, 11*80; mean il*'68 gts. for 
cells. Calculated for 2 per cent., 13*23 grs. at 64°*2 in two cells, or about 13*10 grs. 
at 62°*8, assuming this acid to be affected in the same way by temperature hi hydro¬ 
chloric acid. *•) 

Hydrocyanic acid here appears less diffusive than hydrochloric add, at the saxOe 
temperature 62°*8, as 13*10 to 16*40, or as 79*6 to 100, and not to belong' therefore 
to the same class of diffusive substances. 

, ; ! i £ 

4. Nitric Add. .. 

Time of diffusion five days. The quantity of this acid diffused was always deter¬ 
mined with great exactness by neutralization by means of a normal solution of car¬ 
bonate of soda. 

1. Nitrate of water (HO.NO s ), 1 per cent.; density 1*0052. Diffused at 50°*8, in 

eight cells, 6*77, 6*77, 7*26, 6*97; mean 6*94 grs. of nitrate of waited in two cdis at 
50°*8, and 6*99 grs. by estimate at 51 °*2, , . ; • i n . H 

2. Nitrate of water, 1 per cent.; density 1*0052. Diffused at 53°*5, in six Cells, 
7*32, 7’32, 7*20; mean 7*28 grs. in two cells. 

3. Nitrate of water, 1*92 per cent.; density 1*0112. Diffused at 5l°‘2, in eight 

cells, 14*34, 14*24, 14*10, 13*96; mean 14*16 grs. in two cells. Calculated for 2 per 
cent., 14*74 grs. at 51°*2 in two cells. , n ; ’’ 

4. Nitrate of water, 2 per cent.; density 1*0106. Diffused at 63°*2, in eight cells, 

16;97, 16*64, 16*81, 16*64; mean 16*76 grs. in two cells. . _ . .j ( 

5 . titrate of water, 3*88 per cent.; density 1*0209. Djiffpsed at'51*2, ‘'in i eight c^Bs‘, 

27 * 76 , 28*34, 27:90, 27;62; mean 2? *90.grs. in twp cellsj. . Cakulated 'for 4 j^er'cept., 
28 * 76 grs! at M°*2 in f two cells. ’ .. , v , 

. Nitmte of ^*96 i«r J 10432 v ' tSiffuaed at 51^2, in c% f 

ftteS $ 



increase of 1*142 per cent, for one degree of temperature. 

MDCCCIi. 6 L 



810 PROFESSOR GRAHAM OH THE DIFFUSION OF LIQUIDS. 

The diffusion of the different proportions of this acid at one temperature is as 
follows:— 


Diffusion of Nitrate of Water in five days at 51 0, 2; two cells. 


Gts. Ratio. 

From 1 per cent, solution. 6*99 0*95 

From 2 per cent, solution. 1474 2 

From 4 per cent, solution. 287 6 8-90 

From 8 per cent, solution.57'92 7*86 


The 2 per cent, solution is taken as the standard of comparison for the ratios, 
instead of the 1 per cent, solution, from the greater accuracy with which the diffusion 
of the former can be observed. 

The usual approach to equality of diffusion, between chlorides and nitrates, is ob¬ 
servable in hydrochloric and nitric acids, at least in the 1 and 2 per cent, solutions. 


Diffusion from 1 per cent, solution at 53°-5. 

Hydrochloric acid.7-56 . 100 

Nitrate of water. 7-28 96 - 3 


Diffusion from 2 per cent, solution. 

Hydrochloric acid at 51° . . . . 15 - 04 100 

Nitrate of water at 51° - 2 .... 1474 98 0 

The 2 per cent, solutions of both acids were also diffused at higher temperatures. 


Diffusion from 2 per cent solution. 

Hydrochloric acid at 62 0, 8 . . . 16'46 100 

Nitrate of water at 63°-2 .... 16 76 101 8 

Here the diffusibility of the two acids is as nearly as possible equal. 


Diffusion from 4 per cent, solution. 
Hydrochloric acid at 51° . . . . 3072 100 

Nitrate of water at 51 0, 2 . . . . 2876 937 

Diffusion from 8 per cent, solution. 

Hydrochloric acid at 61° . . . . 67 68 100 

Nitrate of water at 51 0, 2 .... 57'92 85‘3 


The wide divergence between these two acids, in the 8 per cent, solution, is pro¬ 
duced by the remarkably increased diffusion of hydrochloric acid in that high pro¬ 
portion. 
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5. Sulphuric Acid . 

That time of diffusion arbitrarily chosen for this acid was ten days. The difihsate 
of this acid was determined in the same manner as that of nitric acid. 

1. Sulphate of water (H0.S0 3 ), 0*993 per cent.; density 1*0065. Diffused at 
5I°7j in eight ceils, 8*87, 8*87, 8*87, 8*69; mean 8*82 grs. of sulphate of water for 
two ceils. Calculated for 1 per cent., 8*91 grs. at 51°*7 for two cells, and 8*69 grs. 
at 49°*7. 

2. Sulphate of water, 1*89 per cent.; density 1*0130. Diffused at 49°*7> in eight 
cells, 16*13, 16*16, 15*58, 16*03; mean 15*98 grs. for two cells. Calculated for 2 per 
cent., 16*91 grs. at 49°*7 for two cells. 

3. Sulphate of water, 2 per cent.; density 1*0133. Diffused at 63°*5, in eight cells, 
19*80, 20*05, 19*67, 10*41; mean 19*73 grs. for two cells. 

4. Sulphate of water, 3*87 per cent.; density 1*0261. Diffused at 49°*7, in eight 
cells, 32*72, 32*72, 33*06, 32*58; mean 32*77 grs. for two cells. Calculated for 4 per 
cent., 33*89 grs. at 49°*7 for two cells. 

5. Sulphate of water, 7*90 per cent.; density 1*0513. Diffused at 49°*7, in four 
cells, 34*08, 34*76, 33*74, 33*63; mean 34*05 grs. for one cell. Calculated for 8 per 
cent., 34*48 grs. at 49°*7 for one cell. 

In the 2 per cent, solution the diffusion rises, with the difference of temperature 
between 49°*7 and 63°*5, from 16*91 to 19*73 grs., or from 100 to 116*68. This is an 
increase of 1*209 per cent, for one degree of temperature. 

The diffusion of the different proportions of sulphuric acid is as follows:— 

Diffusion of Sulphate of Water in ten days at 49°*7; two cells. 


Grs. Ratio. 

From 1 per cent, solution.8*69 1*03 

From 2 per cent, solution.16*91 2 

From 4 per cent, solution. 33*89 4*01 

From 8 per cent, solution. 68*96 8*16 


The diffusibility of different strengths of this acid appears to be pretty uniform, but 
with a slight tendency to increase in the higher proportions, like hydrochloric acid. 

Sulphuric acid is greatly inferior in velocity of diffusion to hydrochloric acid, but 
still appears to possess considerably more than half the diffusibility of the latter. 

6 . Chromic Acid . 

Time of diffusion ten days. The diffusates from four cells of the 2 per cent, solu¬ 
tion were mixed together, and the quantity of chromic acid diffused for two cells re¬ 
duced by means of hydrochloric acid and alcohol, and weighed as oxide of chromium. 

1*762 per cent, of anhydrous chromic acid, density 1*01404, diffused at 67°*3, gave 
19*78 grs. of chromic acid in two cells. Calculated for 2 per cent., 22*43 grs. of 
chromic acid, in two cells, at 67°*3. The diffusion of sulphuric acid at 63°*5, was 
19*73 grs., which would give about 21 grs. of that acid at 67°’3. 

5 l 2 
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Time of diffusion ten days. This acid cannot be determined accurately by the 
acidimetiical method, owing to tbe acetates of potash and soda being essentially 
alkaline to test-paper, like the carbonates of the same bases, although neutral iti 
composition. The weight of carbonate of baryta dissolved by the acid was had re¬ 
course to. 

1. Acetate of water (HO.C 4 H s C> 3 ), 2 per cent.; density 1*0030. Diffused at 48°*8, 
in eight cells, 12*62, 10*94, 11*10, 11*39 grs. of acetate of water; mean 11*51 grs. for 
two cells. 

2. Acetate ofVrater, 4 percent.; density 1*0060. Diffused at 48“*8 ! , in eight cells, 
22*12, 21*71, 21*59, 22*67; mean 22*02 grs. for two cells. 

3. Acetate of water, 8 per cent.; density 1*0117- Diffused at 48°*8, in four cClIs, 
21*19,20*18,21*84,20*44 ; mean 20*90 grs. for one oell. The diffusion of the different 
proportions of acetic acid is as follows:— 

Diffusion of Acetate of Water in ten days at 48 0, 8; two cells. 


Grs. Ratio. 

From 2 per cent, solution.11*31 2 

From 4 per cent, solution. 22*02 3*83 

From 8 per cent, solution. 41*80 7*26 


The diffusibility diminishes with the larger proportions of acid. This acid appears 
to be considerably less diffiisive than sulphuric acid. I was led to over-estimate tbe 
diffusion of acetic acid in a preliminary observation of my former paper, by trusting 
to the acidimetrical method of determination. Hydrochloric acid appears to diffuse 
about two and a half times more rapidly than acetate of water, at the same tempe¬ 
rature. 


8. Sulphurous Acid. 

The time of diffusion chosen for this acid was ten days, for comparison with 
sulphuric acid. The usual number of eight cells of tbe 1 and 2 per cent solutions 
were diffused, and four cells of the 4 and 8 per cent, solutions. Tbe whole diffusates 
of each proportion were then mixed together, and tbe proportional quantity of liquid 
representing two cells in the 1 and 2 per cent solutions, and 1 cell in the 4 and 8, 
was converted into sulphuric acid by a slight excess of bromine, and determined from 
the sulphate of baryta. 

1. 0*982 per cent, of sulphurous acid, density 1*0056, diffused at 68°*1, gave 
7*94 grs. in two cells. Calculated for 1 per cent., 8*09 grs. of sulphurous acid in 
two cells at 68°*1. 

2. 1*966 per cent, of sulphurous acid, density 1*01056, di&ue^itt 68°*1, gave 

16*66 grs. for two cells. Calculated for 2 per cent., 16*96 grs. of sulphurous acid in 
two cells at 68°*1. ! , ( 

3. 3*93 per cent, of sulphurous acid, density 1*01991, diffused at 68°*1, gave 
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16*21 grs. for one cell. Calcnlatedfoi: 4 per ; cent., 16*50 grs.'of sulphurous acid in 
one cell at 68°*1. 

4. 7*86 per cent, of sulphurous acid, density 1*0384, diffused at 68°*1, gave 32*60 
grs. for one cell. Calculated for 8 per cent., 33*19 grs. of sulphurous acid in one cell 
at 68“*1. 


Diffusion of Sulphurous Acid in 

ten days at 68°*1 ; 

two cells, 

, From 1 per cent, solution . 

On. 

Ratio. 

. . 8*09 

0*954 

From 2 per cent, solution . 

. . 16*96 

2 

From 4 per cent solution . 

. . 33*00 

3-891 

From 8 per cent, solution . 

. . 66*38 

7‘827 


This substance appears to be less diffusive than sulphuric acid at the same tempe¬ 
rature; the diffusion of sulphurous acid at 68°*1 considerably resembles that of sul¬ 
phuric acid at 49°*7 (p. 811). 

9. Ammonia. 

The time of diffusion chosen was 4*041 days, or that of hydrate of potash with 
chloride of sodium at seven days. The usual number of eight cells of the 1 and 2 per 
cent, solutions were diffused, and four cells of the 4 and 8 per cent, solutions. The 
whole diffusates of each proportion were then mixed together, and the quantity of 
ammonia diffused for two cells determined by an alkalimetrical experiment, which 
was always repeated twice. It was necessary for diffusion to have the ammoniacal 
solution made denser than water, which was effected by the addition of common salt. 

1. 1*005 per cent, of ammonia, density made up to 1 00352 with chloride of sodium, 
diffused at 63°*4, gave 4*96 grs. for two cells; calculated for 1 per cent., 4*93 grs. 
of ammonia in two cells at 63°*4. 

2. 2*01 per cent, of ammonia, density made up to 1*00617 with chloride of sodium, 
diffused at 63°*4, gave 9*64 grs. for two cells; calculated for 2 per cent., 9*59 grs. of 
ammonia in two cells at 63°*4. 

3. 4*02 per cent, of ammonia, density made np to 1*01141 with chloride of sodium, 
diffused at 63°*4, gave 9*91 grs. for one cell; calculated for 4 per cent., 9*86 grs. of 
ammonia, in one cell, at 63°*4. * 

4. 8*04 per cent, of ammonia, density made up to 1*0215 with chloride of sodium, 
diffused at 68°*4, gave 20*71 grs. for one cell; calculated for 8 per cent., 20*61 grs. 
of ammonia in one cell at 63°*4. 

Diffusion of Ammonia in 4*04 days at 63°*4; two cells. 


On. Ratio. 

From 1 per cent, solution . . . 4*93 1*029 

From 2 per cent, solution , t . . 9*59 2 

l^rom 4 per cent, solution . . . 19*72 4*117 

From 8 per cent, solution , . . 41*22 8*605 

* * i, 1 ,<'v,; ’ ,JI t * f • 1 1 
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Ammonia appears to have a di(Fusibility approaching to that of hydrate of potash. 
It appears somewhat less diffusive than hydrocyanic acid at the same temperature, 
in the proportion of 12 to 13 nearly; or to possess about three-fourths of the diffiisi- 
bility of hydrochloric acid. 

10. Alcohol\ 

Time of diffusion ten days. The quantity of alcohol diffused was determined by 
careful distillation. 

1. Alcohol, 2 per cent.; density made up to 1*0237 with chloride of sodium. Diffused 
at 40°*7, in eight cells, 17*80, 16*70; mean 17*25 grs. for four cells, or 8*62 grs. for 
two cells. 

2. Alcohol, 4 percent.; density made up to 1*0203 with chloride of sodium. Diffused 
at 48°*7, in eight cells, 34*30, 30*20 ; mean 32*25 grs. for four cells, or 16*12 grs. for 
two cells. 

3. Alcohol, 8 per cent.; density made up to 1*0154 with chloride of sodium. Diffused 
at 48°*7> in four cells, 30*80,40*2; mean 35*50 grs. for two cells, or 17*75 grs. for one 
cell. 

The results accord less closely with eafch other than usual, owing, I believe, chiefly 
to the difficulties of manipulation when the density of the liquid placed in the phials 
to be diffused approaches so nearly to that of water. This is more particularly true 
of the 8 per cent, solution. 

Diffusion of Alcohol in ten days at 48°*7 ; two cells. 

From 2 per cent, solution.8*62 

From 4 per cent, solution.16*12 

From 8 per cent, solution ..... 35*50 

It would be unsafe to draw any conclusion as to the proportionality of the diffusion 
of alcohol to the strength of the solution from these experiments. 

Alcohol does not appear to belong to the same class of diffusive substances as acetic 
acid, which might be expected from their similarity of composition, but possesses a 
considerably lower diffusibility. 

Diffusion from 2 per cent, solutions in ten days. 

Acetate of water at 48°*8 . . . 11*51 100 

Alcohol at 48°*7 . 8*62 74*9 

The diffusion of alcohol approaches to one*half of that of sulphate of water at 
nearly the same temperature, p. 811. 

Alcohol may be substituted for water to dissolve certain salts, and also as an atmo¬ 
sphere into which these salts may diffuse. From experiments which have been com¬ 
menced on this subject, it appears that the diffusion of hydrate of potash, iodide of 
potassium, chloride of calcium and others is about four times slower ipto alcohol 
of density 0*840 than into water. The salts likewise often exhibit the same rela- 
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tions in their diffusibility in alcohol, as in water, with some singular exceptions, 
such as chloride of mercury. 

11. Nitrate of Baryta . 

Time of diffusion 1143 days*. The salt diffused was precipitated by sulphuric acid, 
and calculated from the weight of the sulphate of baryta formed. 

1. Nitrate of baryta, 1 per cent.; density 1 0083. Diffused at 51°*5, in eight cells, 
6*71> 6*71, 6*84, 6*68; mean 6*73 grs. for two cells. 

2. Nitrate of baryta, 0*993 percent.; density 1*00886. Diffused at 64°*1, in eight 
cells, 7*64, 7*70, 7*74, 7*61 ; mean 7*67 grs. for two cells. Calculated for 1 per cent*., 
7*72 grs. for two cells. 

3. Nitrate of baryta, 2 per cent; density 1*01686. Diffused at 64°*1, in eight cells, 
15*63, 14*81, 14*41, 15*32; mean 15*04 grs. for two cells. 

4. Nitrate of baryta, 4 per cent.; density 1*03319. Diffused at 64°*1, in four cells, 
15*36, 14*78, 14*79, 14*30; mean 14*80 grs. for one cell. 

5. Nitrate of baryta, 8 per cent; density 1*06556. Diffused at64°*l,in four cells, 
26*46, 26*77? 28*63, 27*13; mean 27*25 grs. for one cell. 

The diffusion from the 1 per cent, solution increases by a rise of temperature from 
51°*5 to 64°*1, from 6*73 grs. to 7*72, or from 100 to 114*7, which is an increase of 
1*17 per cent for 1°. 

Diffusion of Nitrate of Baryta in 11*43 days at 64°*1; two cells. 


Grs. Ratio. 

From 1 per cent, solution . . . 7*72 1*026 

From 2 per cent, solution . . . 15*04 2 

From 4 per cent, solution . . . 29*60 3*936 

From 8 per cent, solution . . . 54*50 7*247 


12. Nitrate of Strontia. 

Time of diffusion 11 *43 days. Of anhydrous nitrate of strontia 0*82 per cent.; 
density 1*0063. Diffused at 51°*5, in eight cells, 5*59,5*62,5*44,5*69; mean 5*59 grs. 
for two cells; calculated for 1 per cent., 6*79 grs. at 51°*5 for two cells. 

The diffusion of nitrate of strontia almost coincides with that of the isomorphous 
nitrate of baryta at the same temperature. 

Diffusion from 1 per cent, solutions at 51°*5 in 11*43 days. 

Nitrate of baryta.6*73 100 

Nitrate of strontia.6*70 100*89 

* This time is to that of sulphate of magnesia (16*166 days) as the square root of 8 is to the square of 16; 
but does not appear to express the true relation between these salts. 
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grs. at 51°*S for two cells. „ f , .., . „, , H . , <„•. - ,„ _ };i , . 

2 . Nitrate of lime, 0*985 percent; density 1’00802. Diffused at 64°*1, in eight cells, 

7 47, 7*38, 7'6&, f<T2; mCan7*55gr«. fbrtwo ceils-, calculated 1 for l?per cent.., 7*66 
grs. at 64°*1 for two cells.,! , ,, ,„ ,,,,. j;i . i( , 

3. Nitratjeqflime, 1*97 percent.; density 1015®8. Diffused,atf64°'l, in eight cells, 

WHAWMWW* \$$k i, f?.r, IWW*-’ 

15*01 grs. at 64°*1 for two cells. , , . 

4. Nitrate of lime, 3;94 percent.; density 1*0296. Diffused at 64°*1, in four cells, 

14*30, 15*29, 13*79, 13*93; meAtt 14*^3 grs. for tine Cell; calculated for 4 percent., 
44'S2;gr&iOfc64M for one cell. - 1 -f, «• .*.,* ; •••• > . mo * 

5. Nitrate of lime, 7*88 per cent.; density 1*0582. Diffused at 64°*1, in four cells, 

,27*95,i97^ 10li26*8®^ 36*73; mean 27*14 grs. for one cell; calculated for 8 per cent., 
2f*55<grst aft 64^1 for one cell. ■ > * 

Bya rise of temperature from 5l°*5 to 64°*], the diffusion of the 1 percent, solution 
increases from 6*64 4f> 7*66 grs,, or from 100 to 117*1; which, is an increase of 1*857 
per centi for./ ,, ■ < >. 

’ ‘ M r ‘ * i' 1 ' ' < , , , , , , 

Diffusion of Nitrate of Lime in 11*43 days at 64°*1; two cells. 

Grs. Ratio. 

’ Froth 1 per cAht solution . . *." 7*66 1*02# 

From 2 per cent, solution . . . 15*01 ' 2" 

Froth 4 per cent. feolhtion . . . 29*04 *'■'*■ 8*872 '* ; 

' From 8 per cent, solution . : . . 5h*W■' - 7*984 • ;; *' 

The results throughout for this salt are almost identical with those of nitrate of 
baryta (p.’81i5), although these two salts differ greatly tn solubility, Chd ln otie belng 
a hydrated, andthe other an anhydrous salt. - « . r 

W 1 .MV 

... ,, , , 14. Acetate qf Lead. .. , ,, ,,, . ..j , 

Diffused for, 16*166 days ; the time chosen before for snlpbate of magnesia, with 
seven days for chloride of sodium. The solution contained 0*965 per centi of anhy¬ 
drous salt, with the density 1*0080. As this solution of acetate of lead was found to 
be precipitated by^pure water, about 2 per deht.bf strongaedtkr atetd #as‘ introduced 
into the solution, and the same acid was added in a less proportion to the water jars. 
The salt of lead diffused was afterwards determined by means of suipturic acid. Dif¬ 
fused in eight 4) celte, at 53°* 1 7*29, 7*46 and‘frO*or 7*84 for 

1 per cent, in cells. t r >£< ' m ' Jl> 


/<* .-'i- 


Hi 
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15. Acetate of Baryta. 

Diffused for 10*166 days. The solution contained 6*977 per cent, of anhydrous 
s&h, With the density 1*0073. The same addition of acetic acid was made to it as to 
the preceding acetate of lead, in order that the circumstances of diffusion might be 
similar for both salts. The salt diffused was estimated also in the form of sulphate. 

Diffused at 53°*5, in eight cells, 7'30, 7’38, 7*40 and 7*21 grs. in two cells; mean 
7*33; or 7*50 for 1 per cent, in two cells. 

1 ' 1 

Diffusion of 1 per cent, solutions in 16*166 days; two cells. 


Acetate of baryta at 53°*5 .... 7*50 100 

Acetate of lead at 53°*1. 7*84 104*53 


Here, of two isomorphous salts, that of greatest atomic weight sensibly exceeds the 
other in diffusibility. 

16. Chloride of Barium. 

Time of diffusion 11*43 days. The diffused salt was weighed as sulphate of 
baryta. 

1. Chloride of barium, 0*99 per cent. Diffused at 50°*9, in eight cells, 7‘91, 7*27, 
7*42, 7*12; mean 7*43 grs. of chloride of barium for two cells; calculated for 1 per 
cent., 7*50 grs. at 50°*9 for two cells. 

The diffusion of this salt being manifestly more rapid than that of the chloride of 
calcium, a shorter time was tried, which is to seven days, the time of chloride of so¬ 
dium, as the square root of 3 to the square root of 4*5. Time of diffusion 8*57 days. 

2. Chloride of barium, 1*01 percent.; density 1*0095. Diffused at 63°, in eight 
cells, 6*46, 6*44, 6*41, 6*27; mean 6*39grs. for two cells; calculated for 1 per cent., 
6*32 grs. at 63° for two cells. 

3. Chloride of barium, 2*02 per cent.; density 1*0183. Diffused at 63°, in eight 
cells, 11*98, 12*03, 12*75, 12*03; mean 12*20 grs. for two cells; calculated for 2 per 
cent., 12*07 grs. at 63° for two cells. 

4. Chloride of barium, 4*04 per cent.; density 1*0359, Diffused at 63°, in four 
cells, 12*43, 12*30, 11*87, 11*86; mean 12*10 grs. for one cell; calculated for 4 per 
cent., 11*98 grs. at 63° for one cell. 

5. Chloride of barium, 8*08 per cent.; density 1*0712. Diffused at 63°, in four 
cells, 23*17, 23*05, 22*98, 23*62; mean 23*20 grs. for one cell; calculated for 8 per 
cent., 22*96 grs. at 63° for one cell. 

Diffusion of Chloride of Barium in 8*57 days at 63°; two cells. 


On. Ratio. 

From 1 per cent, solution . . . 6*32 .1*047 

From 2 per cent, solution . . . 12*07 2 

From 4 per cent, solution . . . 23*96 3*970 

From 8 per cent, solution . . . 45*92 7*608 

5 w 
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cmts*; caiculated for'^ per cent.', 7‘62 gra.’al; ,l Al of for Wi>‘cells/ ’ ‘ 1 M ‘ Mf 

'^econti tinje^oi’aittpsion 8'57 days.' ' ’ " “ m *" “ 1,1 ’ 1 ' 

' ’&. 'fctAoricle' off strontium, 1 per cent.density 1 ! 05936. Oifefnsed ait 63^, iA* ei$lit 
cells, 6-10, 6‘17, 6-02, 6-09; mean 6'09 gi'S. for two cells. * ' ' M<1 ,f 

3. Chloride of strontium, 2 per cent ; density }-0H*0f>. Diffused at 63°, in eiglit 
ceUfl„M‘62» 1,171, 1C53, \l7%i n*«MJ iM‘6ff<gi4r for tvvocel|s. „ » „ i 

:4,jChloridp jpf strontium, 4-014 pec cent.; density 1‘03537, Diffuse^ at '63°, ill 
foair cells# 12 t 0^ 1174, tl &4„ 1179; mean ll'82grs. for one cell; calculated fqr 
4 per cent., 1178 grs. at 63° for one cell. > , 

iS, .(^jlorideiof^trontiain, 8-028 per cenfj; density 1-,06949. Diffused at 63.%ip four 
cells,i 22‘2p, 22134, 22-03, 22*57; niean 22-31 grs, for one cell; calculated for 8 per 
cent., 22'23 grs. at 63° for two cells. 
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diffusion of Chloride of Strontium in 8’57 days at 63°; two cells. 


* Gfrs. Ratio. 

From 1 per cent, solution . . . 6*09 ' 1*045 

* 1 ‘ Frdin 2 pet cent. Solution . . . il<66 2 

*•' ’ Frdth'4 pfer cent, solution . . . 23-56 4-041 

From 8 per cent, solution . . . 44-46 7*626 

<!*► » » \J 


The series of ratios in the preceding table will be found on comparison to corre¬ 
spond closely with the ratios of chloride of barium. It may be useful to compare 
furtber the amounts diffused from similar solutions of these two isomoi-plious eoin- 
ppjiijds. 

Diffusion in 8-57 days at 63°; two Cells, , , 


Chloride of barium, 1 per cent. . 

’ Cliloride of strontium, 1 per cent. 

Chloride of barium, 2 per cent. . 

Chloride of strontium, 2 per cent. 

Chloride of barium, 4 per cent. . 

Chloride of strontium, 4 per cent. 

Chloride of barium, 8 per cent. . 

Chloride of strontium, 8 per cent. 

The near coincidence of the 4 per cent, solutions probaWyuucises from an accidental 
error of observation in the chloride of barium, fon.the, latter departs:here from the 
progression o£ite»ratios. We appear then to have a small but constant difference of 
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about 3J per cent, in the difiusianooF thesd'itsri#' IsoWorphous salts, the chloride of 
WW* b^eft.a^^ic ^pight^ l^ayjny .the ad^an^e. ;j 

lne diffusion of the 1 per cent, solution of the same salts tot the longer period 
day^, gives,7‘/>0 fcjr ^^orif|e of barium at 5Q°-J1, ftnd J^-jl2 for chloride <o^trpn- 
ti^oi atjSl 0 , or nearer thja sarnetemp'eraturp. For the.iirst<;iiae '^ejtoujg ip tijjs bar^tic 
salts a divergence between chlorides and nitrates, for the nitrates Af spme liases 
have a number about 6*8 only at the same temperature. I am led;however ifobefieve 
tbjf® discrepancy becomes much Jess at Iqw temperature^i by ’experiments, jvhich 
are at present in progress. > > 

),.! > ;• ”| ,M,0|n <sH*>'> 

‘ _s ‘ •• 18. Chloride<of Calcium. r.» ••nnoid'» <■ 

Time of diffusion 11 '43 days. Thfe-salfetfiffnsted Wasweighed as sPlpliatebf limy. 1 • 

1 1. Chloride of calcium, 1-085 percent.density l*0091. , Diffu l sed ! at Sb^Pj^tfei^ht 
cells, 6“95, 7-09, 0-78; 0 94 { mean 6‘94grs: of chloride of caldiu^'for twbceMs 1 * 
calculated for 1 per cent., 6-51 grs. at 50 o, 9 for turn cblls. "■ — : ft «■«-»'> <->q i 

2’. Chlotide ofcakitun, 1*00 percent.; density 1-0089. Difftiseda^ OX^B^ito‘eight 
cells, 8*08, 8*13, 8"28, 8*19; mean 8'1 “ grs. for two cells ; calculated for Tpfer oeilt 1 .,' 
7*92 grs. at 63°-8 for two cells. *' '■*: iiw ( 

3. Chloride of calcium, 206 per cent.; density 10171. Diffused at 63°-8, in eight 

cells, 15-70, 15-33, 16*48,15-82; mean’ l3'-83 grs.for two cellscalculated for 2 per 
cent., 15-35 grs.; at 63 0- 8 for two cells. , , . 

4. Chloride of calcium, 4-12 ,per cent.; density 1-0334. Diffused, at 03°-8, in four 

cells, 15-24, 16'20, 15 - 89, 16-20; mean 15'88 grs. for ope, cell ; calculated for 4 per 
cent., 15-39 grs. at 63°-8 for one cell. , 

5. Chloride of calcium, 8‘23 per cent.; density 1-0652. Diffused at 63°-8, in four 

cells, 32-97, 31“ 17, 30-64,31*90; iiiedP ZVGJ gr3. for cine cell; calculated 1 fbt-^^er 
certt., 3 O -78 grs. at 62°-8 for one eCll. ‘ ‘ 

We diffusion of the 1 per cent. ‘ soliitidn df dhloride of'calcium ik iheifeaked ; by 
rise of temperature from 50 o, 9 to63°*8, from 6-51 to 7'92, or from 100 to 121-6, wHich i 
is an increase of 1-674 per cent, for 1®. ’ - ‘ 1 ‘ ■' * *' r S 

- ■ - j .;.i 1 

Diffusion of Chloride of Calcium ip 11*43 days at 63°"8; two pells. 

Grs. Ratio. 

Ftbm 1 per ceht.solution 7*92 1 1‘032 ! 

' From 2 per cent. Solution V .' . 15-3S l! '2''' ; ’ ? 

Ftbtai 4 per cetiti solution V ". ! . 30*78" al "'^dbo’ 

‘“Worn 8 per cetit.'-solutiotr l 1 '•WINS''* 1 ' ^ 8-0^1* 

We may now observe how far the diffusion of the chloride of cat^^i is analogous 
to that of niiraleof lime. At t*h'e inferior temperature^ the results for the 1 per cent. 
sulbtitaPef these-tira-salts irui<eup follow* i —>>> > • > >;*■ nr,,! m!T 

>r‘, u'-oi iGhlopide ofcalciumsat SOft&itd.tc*, ‘fi-*ri^ ni iMi3!n win to -m-m 
i<> :>-,im-j!db iNitrateOftfrifoiae .mult rodiJOftll#' «<><-.."iigo-iq 

5 M 2 
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64°*1 for the nitrate of lime, the results for the different proportions o^.^jt , ;h , 

*■. , urn: > ^ CiW<wide oF t ealeium^i per-Gent. . J ( t7^2 ►*»: ^XltHK^AO <■«, 

Nitrate of lime, 1 per cent. . . . 7*60 b » **:o n»i9tt7® 

tiiMi* <’vr.iChlorMaiofxaloiiitiiviQ'per <*mt^ ldd ' V * *U * r.v 

Nitrate of lime, 2 per cent. . . . 15*01 97*79-^ 

-n Chloride; !«>€50aJciMt% 4 per cental -. *‘30?78>, <u W . * * r. 

Nitrate of lime, 4 per cent. . . . 29*04 >r \*1 <*<"»*04^35<• ^ • tv , 

-■ V , {J , } fiblwidftfff per.omti.*. L< 0**59: . « » |mi 40O: of 1 

Nitrate of lime, 8 per cent. . . . 55*10 89*51" ! " « * 

The correspondence between the 1 and 2 per cent, idlriitlciite of hhlbricle and nitrate 
is sufficientl^’feldse, but in ^fre 4 and 8 per cent, the salife diverge 1 , as happens also 
with hydrochloHc and nitric aBids themselves. The nitrate in bdfh cases fulls off, 
while the chfhrMe sustains tbtohghout the high diffusiblllty df tile fdfater proportions. 

Mi v '•{ f »* t " fit *- , 't! 14; »r *.»‘ * un- :• ■ 1 m \ 

19. Chloride of Manganese* . lt *» r ? . 

Time of diffusion 11 43 days. The salt diffused Was estimated by means of nitrate 
of^ily^r, (| <( . .. r , 4l> . t ,. . 

Thejpjer cent* solution, of density 1*00,85, gave at, 5.0,°:8, in, eight cells, 6;67, 6;$6, 
679 ppd 6;81 gfp. j mean 0*t>3 for two cells. , lv< , , f; .;i, . f 

20 . Nitrate of Magnesia. 

Time of diffusion 11*43 days* The salt diffused was estimated as sulphate. 

The J per cepiu solution, o/<iensityj'0073, gave at 50° : 8, in eight cells, 6 29, 6*39. 
6*5!f,and 6:76 grs. t ;mean>6*49ior cells* , < l4 »■ 


21 . Nitrate of Copper. ,, , , 

Tinjp ,pf diffusion JJ;\43*days. Thesalt diffused was estimated from the oxide * of 
copper obtained hy ignition.; v : * ,,.* ■ 1 •• * . i ; i ^ v , 

The l per cent, solution, of density 1*00/6, in eight cells* at 50°*®, gave 6?50, 0*3$, 
6*18 and 6*70 gi*s.; mean 6*44 for two cells. v , > ; *< 

Cputparing the preceding salts, with ic&loride.of calcium diffused ut the same 4etn- 
peratnre, ^O^B,; we have the following resalU:-T-n . r . , , n?{ . MO t ‘ 4 i f . 

■ ( * Chloride ofoalciamvi.;, j- ;v. 6*51 " 100' - *;i * 


‘Chloride of manganeses .'•<* . <; - . J >6*68 ; H i91185 • 

5 Nitrate*of magnesia \>i : t* »o* ■> •* ’ ^^6*49' *99 *'• 


Nitrate of copper . . 


JP 5 ® f r , on ^ °/ to % sail** ipon^Jbftps f^njjy 

v, «.... »,> * „• 

I he following additional ^RP^fiSNbS^Jh' 
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tittHs.^Hbet' iri’ six d^ni ^gbt wlls. " m'teft 
nitrate bfsiWer 1 .' '• •'! *•’ •* • 

22. Chloride? of Zinc at 51°, solution of density ;lt0091, g*ve0 - &6, 0“20; 621 and 6‘28 

grs.; mean 6*29* for two cells. ' » n 1 »*>».« “ 

23. Chloride if Magnesium at 50°*6, density 1*0073% gatfe 6*40* 1^84 Odd 6*29; mean 

6*17 for two Celts. .•! ^ h/ 

24. Chloride of Copper at 50° 6, solution of density -1*0093,' gavte 0 08, 6 08 and 

6*02 grs.; meat) 6*06 for two cells. "• v «•» T % 

The results refoned to chloride of calcium, at nearly the same tehipterature, 50°*8, 
are as follows:*^ < ; ». ^ 

, , , , Chloride of calcium.. 6*51 f ., 1QQ , , j { 

Chloride of zinc . . . . . . 6*2£ ,, $6*6l ;s , t 

Chloride of magnesium ... . . , 6*17 9C77 , , itj, 

Chloride of copper.. 6:06 93 08 

These salts present a greater latitude in their diffusibility, if belonging to the same 
class, than is usual. 4 

25. Protocktoride of tron. 

A solution of this salt of 1 023 per cent, was diffused at 53°*5, a somewhat higher 
temperature than the Corresponding chlorides. It gave 6*45, 6*48, 6*48 and 6*28 grs. 
in two cells; mean 6*44, or 6*30 for 1 per cent. in two cells. This salt appears there¬ 
fore to belong to the last group. 


diflfeSCd Wks estimated by ui^n^of 

1 'i! f )•' ' ; ‘^ iiit I ^0 


26. Sesqui chloride of iron. 


A full series of observations was made upon the diflb&ioft of the different propor¬ 
tions of this salt from 1 to 8 per cent., but in all of them decomposition Wak^deter¬ 
mined by the diffusion, with turbidity also in the solution phial except in the 8 per¬ 
cent.. solution. 

The mean diffusion from the 1 per cent. Solution in 11*43 days, at 68^3, Wtis 4*13 
grs. of sesquichloride of iron with 1 *28 gr. of free hydrochloric ackl, in two Wlh*. Thfc 
result indicates that one-half nearly of the sesqdichtoride of iron is decomposed in 
the diffusion. 4 if<1 r 1 

The mean diffbsibn from the 8 per cent, solution, at- 63°*3, was 55*88 grS. Of sOsqtii- 
chloride of iron, with 0*66 grs. of free hydrochloric acid, in two cells' 'It a^i&irs 
from this experiment that perehloride of iron approaches the cbloride of calcium in 
diffusibility. ^Tbttt the proto* and pcrsalts of the magnesian nietate should have a 
similar rate diffusion, is not unlikely from other analogies which tbOy exhibit. 


< M / 


27. Sulphate of Magnesia. 

Ttie time chosen for the diffusion of* this salt, narheiyV 1‘6; 166 (lays ^ a mutfiple 
by 2 of the time of sulphate of potash, and by 4 0 1 the time pf^drate of* potash'. 
Thd diffhsate Ws yvajioi^t^d to dfyri^4s aid Hi 
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T? T*0l4pei* ctetttL df aubydrbo# 3ulphate bf iiiagtte^A:, 1 *f *6 1 d8y diffused at 

6S^% iti eight tells, 7*34, 7*6#, 7*4ff,7*18; foeail ^40gH: for t4o *&H4 5 Calculated 
for l per cent., 7*31 gr$. of sulphate df magnesiaiiitwb* ctellf dt ttWfJ 1 "*' *"' 5 H 

2*624 per* cent, of sdlphate bf thagnesih, dehsifey ^ditfttdbd* hfc #5**4, ] in 

eight c6ll$, 12*01, ! 13‘i'B, 12*8#, 12*93 ; mean J 2 &5^gi^; for tWo ! cells; cataullited^for 
2 per cent., 12*79 grs. of sulphate of magnesia in tWo delight bS 05 *^; ^^ *" fu " " 1 ^ 

"ft. 1 4*#48 per ceht. of sulphate of magnesia, density 1 ,; *#4633, ! diMdbd tit bb b *4, in 
font cells, 12^)6, T2>&6, 10*63,12*24; mean 11*87 gti. for btteceH*;; icaleblaied for 
4 per cent., 11*73 grs. of sulphate of magtoeSia in oite celf at b5°*4. ; 1u 

4. >8*096 per cfetltiof sulphate of magnesia, detisity 1*07830,^difruSdH dt &i^i, id four 

cells, 22*25, 20*56, 21*80, 22*06 ; mean 21*67 grs. for one cell ; calculated for 8 per 
cent., 21*41 grs. of sulphate of magnesia in one cell at 65 0i 4. ' ‘ 

5. 8’07 per cent, of sulphate Cf magnesia, density 1*07830' diffused at 62°*^, In four 
cellfc; 21*12, 21*20, 22*13,2177 ; mean 21*55 grs. for one cdfl j calculated for 8 per 
cent., 21*33 grs. of sulphate of magnesia iu one cell at 62°*8. 

6. 16*14 per cent, of sulphate of magnesia, density 1* 15054, diffused at 62°*8, in four 
cells, 37*08, 38*39,, 38*65, 37*50; mean 37*90 grs. for One ceH; calculated for 16 per 
cent., 37*53 grs. of sulphate of magnesia in one cell at 62°*8. 

7 . 24*22* per cent, of sulphate of magnesia, density* 1*21882, diffused at G2°*8, in 

four cells, 49*38,50*40, 53*86,53*00 ; mean 51*53 grsi; for Ohe cfell; Calculated for 
24 per cen?t, 51*02 grs. of sulphate of magnesia in One CCll at 62*8. ; * 1 '' 1 


Diffusion of Sulphate of Maguesia in 16*16 days at 65°*4 ; 

Grs. 

two eellfc 

Ratio. 

From 1 per cent, solution . , , ■ . • 

7 -si 

M44 

From 2 per cent solution .... 

1279 . 

2 

From 4 per cent, solution .... 

2346 

3*671 

From 8 per cent, solution .... 

4282 

6701 

From 8 per cent, solution at 62°*8 

42-66 

1 

From 16 per cCht. solution at 62°*8 

75-0? 

1759 

From 24 per cent, solution at 62°*8 

102-04 

2*340 


28. Sulphate of Zinc, 

Time of diffusion 16*166 days. The diffused salt was evaporated to dryness, and 
weighed, n u , . . ,, r:,i - 

h T0Q1 per cent, of anhydrous sulphate of zinc, density 1*01093j diffused at 05°*4,* 
ip eight cejlsf, 6*66, 6*76,6*51 ? 6*80; mean 6*68 grs. for t*uo ceUa; Calculated for 1? 

per cent., 6*67 grs. of sidppatc of zind in two cells at 65 0 ^4; ^ ; iMn..•* i-iimi* 

2. 2*002 per cent sulphate of zinc, density 1*02120, diffused at 65°*4 f in eight cells, 
12*16, 12*19, 12*52,12*05; mean 12*23 grs. for two cells; calculated for 2 per cent., 
12*22 grs. of sulphate of zinc in two cells at 65°*4. 




' 11 ;4>- AW* Wc^pt.pfsplphate pfainc, density l:Q4i46,:diffusedpt,6fr°-4*Mf»nicejis, 
Mf0P,„ll*flfi 1 i ipeao.,H - 57 gps. for «b$ ee4» pafoulptedMfort!#, per. cent*, 
11*56 grs. of sulphate of ainp.fo,one.cell ,at 05°-4» •, t„ -■■. r : , . <•■<> 1 

. 4, 8-(41 per qent.of sulphate of .zinc, density 1-08663,, diffused, at,65°*4i in fourcells, 
31-Qfl, 21-8.4; mean 2116 grs, .for oae ceUj calculated for >8 percent,, 
21-13 grs. of sulphate of zinc in one cell pt 65 0, 4.i'V-' 1 " i '' ■•<!'• 

. 5. 8-04 per cent, of sulphate of zinc, density 1-08084, diffused at 1 62°-8 1 >in fowicells, 
20"70, 18:57, 20-32, 20 36; mean 19 99 grs. for one qell; calculated foe 8 per cent., 
19-81 grs. of sulphate of zinc in one cell at 62°-8. < 

6. 16*08 percent, of sulpliate of zinc, density 115734, diffused at62 0- 8, in fonrcells, 

36*79* $7‘!5? 37-51, 38*31; mean 37*39 grs. for one cell; calculated for 16<per ; c»to. 
37*20 grs. of sulphate of zinc in one cell at.62°*8. , •>. 

7. 24" |1 per cent, of sulphate of zinc, density 1-23150, diffused at 62 0- 8, in threecelis, 
51 12, 50 14, 51 66 ; mean 50 97 grs. for one cell; calculated for 24 per cent, 5Qi71 
grs. of sulphate of zinc in one ceil at G2°-8, 


Diffusion of Sulphate of Zinc in 16-16 days at 65 0- 4; two cells. 


From 1 per cent, solution .... 

Grs. 

667 

Ratio. 

1091 

From 2 per cent, solution .... 

12-22 

2 

From 4 per cent, solution .... 

2312 

3784 

From 8 per cent, solution .... 

42*26 

6-916 

From 8 per cent, solution at 62 0, 8 

39*62 

i •' ’ * 

From 16 per cent, solution at 62° 8 . 

74*40 

1-878 

From 24 per cent, solution at 62°‘8 .. 

101-42 

2*560 

It will be remarked that the diffusion of these two 

isomorphous 

salts, sulphate of 


magnesia and sulphate of zinc, differs so much, in the 1 per cent, solution, ps 7*31 to 
6*67, that is, as 100 to 9l"25 ; or S-/5 per cent. This I have no doubt, however, is 
an accidental error, the disturbances from changes of temperature and qthqr causes of 
dispersion being in direct proportion to the duration of the experiment, and there¬ 
fore much increased with these long times ; while the 1 per cent, solution also appears 
to be generally the proportion most exposed to such errors. The sulphate of zinc 
appears to be the truest throughout, in its diffusion, of these two salts. The approach 
to equality becomes close in the 4 pet* cent, and larger proportions of salt, parti¬ 
cularly with the unusually high proportions of 16 and 24 per cent., which tferiiOb¬ 
served in these salts. The diffusion of both salts falls off remarkably iff the higher 
proportions,. The rtanlt of the comparison of these two magnesian' sulphateS is no 
doubt favourable to the similarity of diffusion of isomorphous salts. ' ‘ :l 
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29* Sulphate o/ Alumina* * * 

Hie time of diffusion chosen was 16*166 days, bfr the same ak that for sulphate of 
magnesia. The usual number of eight cells of the 1 and 2 per cent, solutions were 
diffused, and four cells of the 4 and 8 per cent, solutions. The whole drfftikatefc of 
each proportion were then mixed together and the quahtities of alumina and sulphuric 
acid, diffused for two cells, determined separately. 

1. 1*045 per cent, of sulphate of alumina, density 1*01160, diffused at 65**4, gave 
1*80 gr. of alumina and 3*93 grs. of sulphuric acid, rn all 5*73 grs. for two cells: Cal¬ 
culated for 1 per cent., 1*72 gr. alumina and 3*76 grs. sulphuric acid, in all 5*48 grs. 
of sulphate of alumina in two cells at 65°*4. 

2. 2*09 i percent, of sulphate of alumina, density 1*02251, diffused at 65**4, gave 3*32 
grs. of alumina and 7‘35 grs. of sulphuric acid, in all 10*67 grs. for two cells. Calcu¬ 
lated for 2 per cent., 3*18 grs. of alumina and 7*03 grs. of sulphuric acid* in all 10*21 
grs. of sulphate of alumina for two cells at 65°*4. 

3. 4*182 per cent, of sulphate of alumina, density 1*0438, diffused at 65 c *4, gave 3*17 
grs. of alumina and 6*91 grs. of sulphuric acid, in all 10*08 grs. for one cell. Calcu¬ 
lated for 4 per cent., 3*03 grs. of alumina and 6*61 grs. of sulphuric acid, in all 9*64 
grs. of sulphate of alumina for one cell at 65°*4. 

4. 8*364 per cent, of sulphate of alumina, density 1*08518, diffused at 65°*4, gave 
5*37 grs. of alumina and 12*15 grs. of sulphuric acid, in all 17*52 grs. for one cell. 
Calculated for 8 per cent., 5*14 grs. of alumina and 11*62 grs. of sulphuric acid, in 
all 16*76 grs. of sulphate of alumina for one cell at 65°*4. 

Diffusion of Sulphate of Alumina in 16*166 days at 65°*4; two cells. 


From 1 per cent, solution . . 

Grs. 

. 5*48 

Ratio. 

1*074 

From 2 per cent, solution . . 

. 10*21 

2 

From 4 per cent, solution . . 

. 19*28 

3*780 

From 8 per cent, solution . . 

. 38^52 

6*572 


The diffusion of sulphate of alumina, it will be obserited, is very sensibly less than 
that of sulphate of zinc at the same temperature. 

80. Nitrate of Silver. > • > * 

Time of diffusion seven days. The quantity of salt diffused was ascertained by 
precipitation with hydrochloric acid, and weighing the^loridfe of silver formed. 

t i Nitrate of silver, 0*996 percent.; density t^OOSff. 1 Diffusion at 6 l b *4Mri eight 
cells, 81*9, 5*39, 5*74, 5*50; mean 5*50 grs. fof two Mts ;calculated for 1 per cent., 
5*52 grs. at 51°*4 for two cells. 1 ** ? > ur.n i f 

2. Nitrate of silver, 1*98 per cent.; density 1 *0161. Diffusion at 53°, in eight cells, 
11*27, 11*16, 11*05, 11*06; mean 11*13 grs. for two cells; calculated for 2 per cent., 
11*24 grs. at 53° for two cells. 


✓ 4 
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3. Nitrate of silver, 1967 per cent.; dem»tyl*61696. Diffusion at 63°*41, in eight 
wHv 43*85, 13*29,, 13*70, 12*73; mean 13 39 grs. for two cells j calculated; Tor, 2per 

1|3;61 grs.. 63°*4 for fwo cells. ... . . >. : i.<i 

.. 4,.Nitrate of.silver,3*93 percent.; density 1*032, .Diffusion at 63°,*4, in four calls, 
13'?/!»;W - 70»12;90, 12;90; mean 12*94 grs. for one cell; calculated far 4 per cent,, 
13*17 grs. at 63°*4 for one cell. , ,..„r -.,* ( u; . 

5. titrate of silver, 7*88 per cent.; density 1*066. Diffusion at 63?*4 y in four cells, 
26*45, 23'49,24*57,25*73; mean 25*66 grs. for one cell; calculated for 8 per cent., 
25*94 grs. at 63°*4 for one cell. ,.i . 

A rise of 10°*4 of temperature, or from 53° to 03°*4, increases, the diffusibiiity of this 
salt frop 11*24 to 13*61, or from 100 to 121*2; which is an.increase of2*04per cent, 
for 1°. .... ... . . 

Diffusion of Nitrate of Silver For seven days at 63°*4; two cells. 


5 ' ; 

Gra. Ratio. 

From 2 per cent, solution. . . . 13*61 2 

From 4 per cent, solution. . . . 26*34 3*87 

From 8 per cent, solution. . . . 51*88 7*62 


81. Nitrate of Soda. 

Time of diffusion seven days. The quantity of salt diffused was ascertained by 
evaporation to dryness. - 

1. Nitrate of soda, 1*987 per cent.; density 1*0130. Diffusion at 53°, in eight cells, 
11*37, 10*44, 10*76, 10*40; mean 10*74 grs. for two cells; calculated for 2 per cent., 
10*81 grs. for two cells. 

2. Nitrate of soda, 1*998 per cent. Diffusion at 63°*4, in eight‘cells, 12*53, 12*38, 

12*39, 12*06 ; mean 12*34 grs. for two cells ; calculated for 2pef oentJ, 12*35 grs. for 
two cells. ■ 

3. Nitrate of soda, 3*98 per cent.; density 1*027. Diffusion at 63 Q *4, in four cells, 

12*21, 11*32, 12*10, 11*31; mean 11*73 grs. for one cell; calculated for 4 par cent., 
11*78 grs. for one cell. , • 

4. Nitrate of soda, 7*96 per cent.; density 1*053. Diffusion at 63°*4, in four cells, 

24*96, 22*53, 23*16, 24*38; mean 23*76 grs. for One Cell; calculated for 8 per cent., 
23*87 grs. for one cell. >..r i 

A rise of temperature from 53° to 63°*4 increases the diffusibiiity of nitrate of 
soda from 10*81 to 12*35, or from 400 to 114*3, which is an increase of 1*37 per* cent, 
for 1°. The increase on the nitrate of silver for the same rise of temperasture appeared 
to be considerably greater, namely, 2*04 per cent, for IV 


5 N 
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Diffusion of Nitrate of Soda in seven days at 63°*4; two cells. 


From solution of 2 per cent.. 

Gw. 

. . 12*35 

Ratio. 

2 

From solution of 4 per cent. . 

. . 23*56 

3*82 

From solution of 8 per cent. . 

. • 4774 

77 3 


The ratios of the last column of the preceding Table are sensibly the same as those 
already obtained for nitrate of silver. But the diffusibility of nitrate of soda appears 
to be increased less rapidly by temperature than nitrate of silver. Hence the diffusi- 
bility of these two salts appears more similar at low than high temperatures. 

Diffusion from 2 per cent, solutions in seven days at 53°. 


Nitrate of silver . ... 11*24 100 

Nitrate of soda .... 10*81 96*17 

Diffusion from 2 per cent, solutions in seven days at 63°*4. 
Nitrate of silver .... 13*61 100 

Nitrate of soda .... 12*35 90*74 


32. Chloride of Sodium. 

Time of diffusion seven days. The salt diffused was treated with nitrate of silver, 
and the chloride of silver weighed. 

1. Chloride of sodium, 1 per cent. Diffused at 50°*5, in eight cells, 5*96,5*69, 5*54, 
5*50; mean 5*70 grs. of chloride of sodium for two cells. 

2. Chloride of sodium, 0*985 per cent. Diffused at 53°*4, in eight cells, 5*86, 5*86, 
5*77, 5*76; mean 5*81 grs. for two cells; calculated for 1 per cent., 5*89 grs. at 53°*4 
for two cells. 

3. Chloride of sodium, 1 per cent.; density 1*00776. Diffused at 63°*4, in eight 
cells, 6*30, 6*18, 6*52, 6*30; mean 6*32 grs. for two cells. 

4. Chloride of sodium, 2 per cent.; density 1*01483. Diffused at 63°*4, in eight 
cells, 12*37, 12*08, 12*45, 12*53; mean 12*37 grs* for two cells. 

5. Chloride of sodium, 4 percent.; density 1*02879. Diffused at 63°*4, in four cells, 
12*56, 12*65, 12*55, 12*17; mean 12*48 grs. for one cell. 

6. Chloride of sodium, 8 percent.; density 1*0562. Diffused at63°*4,in four cells, 
25*11, 25*36, 22*82, 23*59; mean 24*22 grs. for one cell. 

The rise of temperature from 50°*5 to C3°*4 increases the diffusion of the 1 per cent, 
solution of chloride of sodium from 5*70 to 6*32, or from 100 to 110*9, which is an in¬ 
crease of 0*843 per cent, for 1°. 

Diffusion of Chloride of Sodium in seven days at 63°*4 ; two cells. 


Gw. Ratio. 

From 1 per cent, solution . . . 6*32 1*023 

From 2 per cent, solution . . . 12*3/ 2 

From 4 per cent, solution . . . 24*96 4*036 

From 8 per cent, solution . . . 48*44 7*832 
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These numbers resemble closely those obtained in the diffusion of chloride of barium 
during the longer period of 8*57 days. 

The chloride of sodium and nitrate of soda will be seen to exhibit the usual approach 
to parallelism between the chloride and nitrate of the same metal, by the following 
comparison:— 

Diffusion of Chloride of Sodium and Nitrate of Soda, both at 63°*4. 


Chloride of sodium, 2 per cent. . 

. 12*37 

100 

Nitrate of soda, 2 per cent. . . 

\ 12*35 

99*83 

Chloride of sodium, 4 per cent. . 

. 24*96 

100 

Nitrate of soda, 4 per cent. . . 

. 23*58 

94*48 

Chloride of sodium, 8 per cent. . 

. 48*44 

100 

Nitrate of soda, 8 per cent. . . 

- 47*74 

98*55 


As usual the chloride is slightly more rapid in its diffusion than the nitrate. 

33. Chloride of Potassium. 

Time of diffusion 5*71 days. The salt diffused was treated with nitrate of silver, 
and the chloride of silver weighed. 

I. Chloride of potassium, 1 per cent.; density 1*00697- Diffused at 62°, in eight 
cells, 6*70, 6*75, 6*53, 6*77 ; mean 6*69 grs. of chloride of potassium for two cells. 

*2. Chloride of potassium, 2 per cent.; density 1*01333. Diffused at 62°, in eight 
cells, 13*36, 13*35, 13*60, 12*96; mean 13*32 grs. for two cells. 

3. Chloride of potassium, 4 per cent.; density 1 *0258. Diffused at 62°, in four cells, 
12*51, 13*21, 13*46, 12*71 ; mean 12*97 grs. for one cell. 

4. Chloride of potassium, 8 per cent.; density 1 *0503. Diffused at 62°, in four cells, 
26*88, 26*64, 26*15, 27*63 ; mean 26*82 grs. for one cell. 

Diffusion of Chloride of Potassium in 5*71 days at 62°; two cells. 


Grs. Ratio. 

From 1 per cent, solution . . . 6’69 1‘005 

From 2 per cent, solution . . . 13 - 32 2 

From 4 per cent, solution . . . 25’94 3'895 

From 8 per cent, solutiou . . . 53 - G4 8'054 


The ratios are in remarkably close accordance with the proportions of salt 
diffused. 

The times 5'71 and seven days chosen for the chloride of potassium and sodium, it 
will be observed, are as the square roots of 2 and 3. A certain deviation from this 
ratio of the times of equal diffusion, appears on comparing the experimental results 
obtained at present for these salts. 
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Diffusion of Chloride of Potassium in 571 days at 62°, and of Chloride of Sodium in 

7 days at 63 0, 4. 


Chloride of potassium, 1 per cent. . 

6*69 

100 

Chloride of sodium, 1 per cent. . . 

6*32 

9447 

Chloride of potassium, 2 per cent, . 

13*32 

100 

Chloride of sodium, 2 per cent. . . 

12*37 

. ,98-86 

Chloride of potassium, 4 per cent. , 

25*94 

100 

Chloride of 6odium, 4 per cent. . , # 

24*96 

96-23 

Chloride of potassium, 8 per cent. . 

53*64 

100 

Chloride of so$pm, 8 per cent. . , 

48*44 

90-30 


The difference would be about 1 per cent, greater if the diffusion of both salts were 
reduced to the same temperature. The chloride of potassium deviates of course from 
the nitrate of soda in a similar manner. But chloride of potassium corresponds more 
closely with nitrate of silver than with chloride of sodium and nitrate of soda, at the 
temperature of the experiments. 

Diffusion of Chloride of Potassium for 571 days at 62°, and of Nitrate of Silver for 

7 days at 03°'4. 


Chloride of potassium, 2 per cent. . 

13*32 

100 

Nitrate of silver, 2 per cent. . . . 

13*61 

102*18 

Chloride of potassium, 4 per cent. . 

25*94 

100 

Nitrate -of silver* 4 per cent. . . . 

26*34 

101*54 

Chloride of potassium, 8 per cent. , 

53*64 

100 

Nitrate of silver, 8 per cent. . . . 

51*88 

96*71 


The coincidence 1h rate would appear even closer in the 2 and 4 per cent, solutions, 
if the diffusion of the nitrate of silver was diminished about 1 per cent., on account of 
its higher temperature. It might thus be supposed that the nitrate of:silver followed 
the sodium rate move accurately than the nitrate of soda and chloride of sodium 
themselves do. 

A series of observations were made upon the diffusion df the 1 per cent, solution of 
chloride of potassium at a nearly constant temperature of 56°, blit for different times, 
varying from five days to eight days, and eighteen hours, to discover foe progression, 
which proved to be pretty similar to that of the 2 per cent, solution of bydwcbforic 
acid. Six cells were diffused for each period,of which the mean,result is given;- {foe 
times advance by ten hours. , ,,, j 

' i : '■* ■ i < 'tv • - . i , »«■ .?»■ ! ' 4 V\.''ni‘\v / X\ 
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Diffusion of Chloride of Potassium, 1 per cent, solution; two cells. 


Time. 

Temperature. 

Diffusion in two cells. 

Differences. 

5 days. 

55*71 

5*89 


5 days 10 hours. 

55*90 

6*25 

0-36 

5 days 20 hours. 

55*79 

6*55 

0*30 

6 days 6 hours. 

55*79 

6*71 

0*16 

6 days 16 hours. 

55*90 

6*95 

0*24 

7 days 2 hours. 

55*9 

7*48 

0*53 

7 days 12 hours. 

55*9 

7*58 

0*10 

7 days 22 hours. 

56*03 

8*08 

0*50 

8 days 8 hours. 

56*28 

834 

0*26 

8 days 18 hours. 

56*15 

860 

026 


When the quantities of chloride of potassium are placed beside the same quantities 
of hydrochloric acid in the former Table, it is found that the times of diffusion of 
the salt and acid exhibit an approximately constant ratio. The squares of these times 
of equal diffusion are as 1 to 2*04 for the shortest period of the chloride of potassium, 
and as 1 to 2*10 for the longest period but one. The variation in the differences 
towards the middle of the Table is too great to be explained, except I fear by some 
error of observation, although no ordinary precaution was neglected in the execution 
of this laborious series of experiments. 

34. Iodides and Bromides of Potassium and Sodium. 

Iodide of Potassium. —Time of diffusion 5716 days. The diffusate was estimated 
by means of nitrate of silver. 

(1.) Iodide of potassium, 1 -977 per cent.; density 1-0145. Diffused at 53°-fi, in 
eight cells, 11*415, 11-506, 10942 and 11-062 grs.; mean 11"24 for two cells, and 
11 -36 for two per cent. 

Comparing this salt with the isomorphous chloride of potassium, we have— 

Diffusion of 2 per ceqt, solutions in 5'716 days. 

Chloride of potassium at 55° ... . . 11-48 100 

Iodide of potassium at, 53 0, 5 . . . 11-36 99"65 

The diffusion of the iodide would slightly exceed that of the chloride, instead of 
falling below it as in the 7\ible, if the’temperatures were made equal. 

(2.) Again, iodide of potassium 1-971 percent., observed density 1*01486. Diffused 
at 59°"8, in eight cells, and the mean diffusate of the whole cells determined, it gave 
12*33 grs. of iodide of potassium for two cells; or 12*51 grs. for a 2 per cent, solution. 

Bromide of Potassium. —Time of diffusion and mode of estimating diffusate as above. 
The solution contained 1*975 per cent, of salt, and had a density of 1*014850. Diffused 
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at 59 0, 8, in eight cells, it gave a mean diffusate of 12*30 grs. for two cells; or 12*46 grs. 
for 2 per cent. 

For comparison, a solution of chloride of potassium, containing exactly 2 per cent, 
of salt and having the density 1*0133, was diffused in the same circumstances of time 
and temperature as the two preceding salts. The mean diffusate of eight cells was 
12*24 grs. for two cells. 

Hence the following result of the diffusion of three isomorphous salts:— 


Diffusion of 2 per cent, solutions in 5*716 days, at 59°*8. 


.. 

-- *— »—j 

Grs. 

Ratio. 

Chloride of potassium . . 

. . 12*24 

100 

Bromide of potassium . . 

. . 12*46 

101*80 

Iodide of potassium . . . 

. . 12*51 

102*21 

Mean . . 

. . 12*40 


Iodide of Sodium. —Time of diffusion 7 

days, temperature 

59°-8. A solution 


2*011 per cent, and density 1*01618, diffused in eight cells, gave a mean diffusate of 
12*24 grs. for two cells ; that is, 12* 18 grs. for 2 per cent, solution. 

Bromide of Sodium .—Time of diffusion and temperature as above. A solution of 
2*146 per cent., of density 1*01/26, diffused in eight cells, gave a mean diffusate of 
12*80 grs.; that is, 11*93 grs. for 2 per cent. 

A comparative experiment was made with a solution of chloride of sodium, contain¬ 
ing 1*917 per cent, of salt and of density 1*01376, in eight cells, at 60°. The diffusates 
for four pairs of cells were 11*65, 11*75, 11*63 and 11*47 grs.; mean 11 *63 grs., which 
gives by proportion 12*14 grs. for a 2 per cent, solution. As the present salt differs 
only 0°*2 Fahr. in diffusion-temperature from the two preceding salts, which is in¬ 
adequate to produce an assignable difference of diffusion, the three salts may be sup¬ 
posed to be diffused at the same temperature, without sensible error. 


Diffusion of 2 per cent, solutions for 7 days. 


Chloride of sodium at 60°. . . . 

Grs. 

. 12*14 

Ratio. 

100 

Bromide of sodium at 59°*8 . . , 

. 11*93 

98*27 

Iodide of sodium at 59 0, 8 . . . , 

. 12*18 

100*33 

Mean . . . . 

. 12*08 



In both these isomorphous groups of salts of potassium and sodium, there is certainly 
a near approach to equality of diffusion. The times for the salts of the two bases 
beiqg in the empirical proportion of the square roots of 2 and 3, the mean diffusates 
a>so approach pretty closely; namely, 12*40 grs. for the salts of potassium and 12*08 gre. 
for the salts of sodium, which are as 100 to 97*42. Here the members of each group 
are certainly very similar to each other in density and probably other physical pro- 
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perties, which was not the case with the equidiffusive group containing the hydrogen 
acids of the same salt-radicals (p. 807). 

35. Chloride of Ammonium. 

Time of diffusion 5716 days. The salt diffused was estimated by means of nitrate 
of silver. 

Solution 0*988 per cent.; density 1*0036. Diffused at 53°, in eight cells, 6*09, 6*07* 
5*67, 5*87; mean 5*92 grs., and 5*99 for one per cent, in two cells. This is somewhat 
more than 5*68, one-half of the diffusate of the 2 per cent, solution of iodide of 
potassium, at nearly the same temperature. The diffusion, however, of the small 
proportions of salts of ammonium, such as the 1 per cent, solution, is apt to be given 
in excess, from their low density. 

36. Dichloride of Copper . 

Time of diffusion seven days, or that of chloride of sodium. The salt diffused was 
obtained by evaporation to dryness, in an air-bath, after treating the liquid with an 
excess of chlorine, in the form of chloride, from which the dichloride was calculated* 

It was an object, of interest to discover whether the dichloride of copper (Cu 2 Cl), 
which should be isomorphous with the chloride of sodium, may separate from the 
protochloride of copper and other magnesian salts, and assume the high diffusibility 
of the salts of alkaline metals. But the salt in question is entirely insoluble in water. 
A solution, however, was obtained by dissolving an equivalent quantity of the red 
suboxide of copper recently precipitated, in hydrochloric acid, of density 1*033, so as 
to give one grain of dichloride in every hundred water-grain measures of the solution. 
This acid solution did not precipitate by dilution with water. The salt was diffused 
into pure water at a mean temperature of 53°*2. 

1. Dichloride of copper diffused, 6*66, 6*57, 7'01 and 6*48 grs.; mean 6*68 grs. in 
two cells. Chloride of sodium at 53°*4, nearly the same temperature, gave 5*90 grs. 
in the same time. Reducing the result to the temperature of 51° by an approxima¬ 
tive correction, we, should have 6*48 grs. of dichloride of copper for that temperature, 
at which chloride of calcium gave 6*51 grs. in 11*43 days, and protochloride of copper 
(Cu Cl) 6 06 grs. at nearly the same temperature, also in 11*43 days. 

So far as we can judge from an experiment at a single temperature, it would ap¬ 
pear that the diffusion of dichloride of copper is more rapid than that of the chloride 
(Cu Cl), in a proportion which supposes the former compound to possess half the 

solution-densityof the latter, the times of equal diffusion 7 and IB43 days, being 
when squared as 1 to 2. 

With the view of discovering whether the large proportion of hydrochloric add, 
amounting to 7 per cent., present in the preceding solution of dichfdride of copper, 
modified the diffusion of the salt* a portion of the same acid solution was treated with 
chlorine gas, to bonvert the copper salt into chloride* and dimifeed into watit, after 
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the excess of chlorine was removed by agitation of the solution with air. The pro¬ 
portion of salt present was thus increased in weight from 1 to I'36 per cent. The time 
of diffusion was 11 *43 days, and the temperature 53°. 

2. Chloride of copper diffused from a 1*36 per cent, solution of the salt in hydro¬ 
chloric acid, 5*83, 6*66, and 5*30 grs. in two cells; mean 5*60 grs. 

The corresponding diffusion from a 1 per cent, solution may be supposed to be less 
than 5*6 grs., in the proportion of 1*36 to 1, without any great error. The results 
thas become chloride of copper diffused, 3*98, 3*85 and 3*58 grs.; mean 3*80 grs. in 
two cells. 

It hehcC appears that the diffusion of chloride of copper is much diminished by the 
presence of a great excess of hydrochloric acid in the same solution. Different causes 
suggest themselves for this result, such as the possibility of a combination existing of 
chloride of copper with chloride of hydrogen, in the acid solution; or the influence 
which must be admitted of the more soluble substance, in a mixture of two similar 
substances, in repressing the diffusion of the less soluble. The present result, how¬ 
ever, is entirely opposed to the idea that the high diffusibility of the dichloridc of 
copper* observed before, is due to the hydrochloric acid present. 

3. The diffusion of chloride of sodium also appears to be repressed by contact with 
a large excess of hydrochloric acid. One per cent, of chloride of sodium raised the 
density of dilute hydrochloric acid from 1*035 to 1*0408. Diffused into pure water 
for seven days at 52°*9, in eight cells, the diffusates of chloride of sodium were 
3*80, 3*87, 4*00 and 3*86 grs.; mean 3*88 for two cells. The diffusion of chloride of 
sodium is thus reduced in a corresponding measure with that of chloride of copper 
by association with seven times its weight of hydrochloric acid. 

These results are interesting in a very different point of view. I have always 
watched for the appearance of some absorbent or imbibing power on the part of the 
acids, more analogous to an endosmotic attraction for water, as usually conceived. If 
such an attraction existed, it would complicate the phenomena of diffusion, for the 
volume of water absorbed by the acid would displace and project a portion of the 
latter into the reservoir, the phial not being extensible. The high diffusibility of 
hydrochloric and nitric acids would be thus explained. But by such a mechanical 
displacement the chloride of sodium would be thrown out in the preceding experi¬ 
ment, as well as the hydrochloric acid, which is not the case. 

4. Even in hydrochloric acid of density 1*124 (25 per cent.), the diffusion of 1 per 
cent, of chloride of sodium for seven days, at 56°*6, was found to amount to 4*7 grs. 
only in two cells, and is less than from a solution in pure water. 

5. In comparing the influence of nitric acid with that of hydrochloric acid upon 
the diffusion of chloride of sodium, it was found that in a 7 percent, solution of nitric 
acid, the chloride of sodium (1 per cent.) was entirely decomposed in the diffusive 
process, at 56°*6, and gave hydrochloric acid in the full diffusive equivalent of that 
acid, together with nitrate of soda. 
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37. Bicarbonate of Potash. 

Time of diffusion 8*083 days, or double that of hydrate of potash. The water of 
the jars was partially charged with carbonic acid gas, to prevent the decomposition 
of this and the other bicarbonates in the act of diffusion. The usual number of eigb$ 
cells of the 1 and 2 per cent, solutions were diffused, and four cells of the 4 and 8 per 
cent, solutions. The whole diffusates of each proportion were then mixed together, 
and the quantity of bicarbonate of potash diffused for two cells, converted into the 
chloride of potassium, evaporated to dryness and weighed. 

, L 1*039 per cent of bicarbonate of potash (HO. C0 2 +K0. C0 2 ), density 1;00788, 
diffused at 68°*2, gave 7*66 grs. for two cells. Calculated for 1 per cent., 7*23 grs. of 
bicarbonate of potash in two cells. < 

2. 2*12 per cent, of bicarbonate of potash, density 1*01489, diffused at 62° 2,gave 
14*88 grs. for two cells. Calculated for 2 per cent., 14*03 grs. of bicarbonate of pot¬ 
ash in two cells. 

3. 4*236 per cent, of bicarbonate of potash, density 1*0288, diffused at 68°*2, gave 
14*15 grs. for 1 cell. Calculated for 4 per cent., 13*36 grs. of bicarbonate of potash 
in one cell, 

4. 8*472 per cent, of bicarbonate of potash, density 1*05600, diffused at 68°*2,gave 
27*55 grs. for one cell. Calculated for 8 per cent., 26*01 grs. of bicarbonate of potash 
in one cell. 


Diffusion of Bicarbonate of Potash in 8*08 days at 68°*2; two cells. 


From 1 per cent, solution . 

Grs. 

. . 7*23 

Ratio. 

1*029 

From 2 per cent, solution . 

. . 14*05 

2 

From 4 per cent, solution . . 

. 26*72 

3*80p 

From 8 per cent, solution . . 

, . 52*01 

7408 

38. Bicarbonate of Ammonia . 



Time of diffusion 8*08$ days. The usual number of eight cells of the 1 and 2 per 
cent, solutions of this substance were diffused, and four cells of thp 4 and 8 per cent. 
solutions. The whole diffusates of eacb proportion were then mixed together, and 
the quantity of bicarbonate of ammonia, diffused for two cells, determined j>y an 
alkalimetrical experiment, which was always repeated twice. , , . 

! j.joQ per cent, of bicarbonate of ammonia (HO. fc0 2 +NH 4 O , CO*), density 
1-00553, diffused, at ,68°% gave 7 66 grs. for two cells. Calculated for 1 per cent, 

6 91' grs. of bicarbonate of ammonia in two cells. : ,, v‘, ,, 

2 2-21^ per cent, of bicarbonate of ammonia, density 10105#, disused at 68 2, 
eave 15 ; 14 for iwo cells.. Calculated for per cent., I^d5 grs. of ^carbonate of 
ammonia in two cells. ; j ^ **•'*<*&.& 

3. 4*436 per cent, of bicarbonate of ammonia, density 1*02000, diffused at 68 2, 

MDCCClu 5 0 
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gave l ! 4*98grs.forone c«4l. ! 'Calculated for <# pbrcent;48*80 g*rs. ! ofbicarbbnateof 
ammonia in one cell. i' 1 ' 

4. 8 l 872 jJer cent, of bicarbonate of ammonia, density 1-03856, diffused at 68 6 -2, 
gave'27*78 grs. for one cell. Calculated' for 6 per cent.,'25-05 grg. of bicarbonate Of 
ammonia in one cell. , w 


1 Diffusibri of'Bibaf'bohatie Of Ariiinoriia in 8-08'days at OS 1 ”'?; Wb cells. 1 ! i 


< - > ■, j •. < < i ’• „ . 

Grs. Ratio. 

From! percent, solution . \ . . e*9i .-i*©ts 

from 2 per cent, solution t .... 13-65 2 • 

Prom 4 per cent, solution. 27-00 • 3*959 

Prom 8 percent, solution. 50-10 7546 


* , >i , , J 

The amount and progression of tbe diffusion of this salt correspond well, for all 
the proportions"diffused; with the preceding isomorphous bicarbonate of potash. 

39. Bicarbonate of Soda. 

Time of diffusion 9-875 days. The usual number of eight cells of the 1 and 2 per 
cent, solutions were diffused, and four cells of the 4 and 8 per cent, solutions. The 
whole diffusktes of each proportion were then mixed together, and the quantity of 
bicarbonate of soda, diffused for two cells, converted into chloride of sodium, evapo¬ 
rated to dryhess and weighed. 

I. 1-135 percent; of bicarbonate of soda, HO.CO^-fNaO.CO.,, density 1-00892, 
diffused at 68®-rjgare 8-30 grs. for two cells. Calculated for 1 per cent., 7’3l grs. of 
bicarbonate bF sodkin if wo cells: v ‘ - - ■" - 

’ 2.2*27 per ceht. of bicarbonate of soda, density 1-61703, diffused at 68^1, gave-18*68 
grs. fof two 1 cells. Calculated for 2 per cent., 13-81 grs. of bicarbonate df soda m two 
cells. ■ ‘' 1 ■ 1 • " • ■ ... ' 

3. 4-54 pier ceht; of bicarbonate 6f soda, density 1-08806, diffused at68^* 1, gave 15*16 
grs. for one cell. Calculated for 4 per cent, 13-35 grs. of bicarbonate o# soda 1 in 'one 

cell.'"' " '' 1 ' ‘ *’-* -■ - * " ’ • 1 v) !., ■ 

! 4. 6-08pierceHt. ; ofbiearbohate of sbda, density l*06386j diffused at 68°‘l, gave29*73 
g&. for oriecell;' ’ Calculated fol*8 per cent., 26*19grs. of bicarbonate bf soda krone 
cell. >; -'-mill’ 


Diffusion of Bicarbonate bfSoda in \9*87 days at 68°*1; two cells. 

vn .«'»’!•• .■ ti,;- :■■<> .«.*•- ••n'i Grfc.i .-( , > :i ,.. ’j,, „ m l 

I, pe rapt. : ,^on i .. i .,„**! . 


. .....,, . .,, r „. 

refflfcrk&bleappcoacb to (equality iafthe diffusion *bf 4;he4)fafrrb on at6&ttf potal h 
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m 

Bnd sotla,in lihe tiia«s cliosen, is observed equally, j& allthe pw>por£ionsof<8*lt ( m&q 

1 to 8 per cent. |i . ■ >, i,iu<>mow 

.. The>results:for the three bioarbonates ijnqy he statedias fullowsMhe diffusa*e-of*the 
3 per oesrt. «okiUon of bicarbonate of potashbcing wade equal ito 200 1 as .rstandatxl 
of comparison. jjj;> ui bin'iujiiH 


Diffiusipp, pf Bicarbonate^ ofPotasb ; apd Affffftopip in $;(>8 ilftjfs, of 

Bicarbonate of Soda in 9 875 days, at 68°*1 : 



Bicarbonate 
of potash., ! 

Bicarbonate 
of amnaonja. 

mI 77 rrrrr 

Bicarbonate 
* . <Jf»wfo.vi - 

From 1 per cent, solution. 

102*9 

2 t>o J o 

380*6 

740*8 

98*3 
194*3 1 

384*3 
71245 1 ’ i 

nj i *m«* i r 

104*0 

M l90.'4 
380*0 

\ 7**3 { » 

From 2 per cent, solution. 

From 4 per cent, solution.. 

From 8 per cent, solution ......... T.'. J.'J 



Or, making the diffusate from each proportion of the bicarbonate of potash equal 
to 100:— ' ’ ' !l 


5 , t.l'il- 1 *’t “ > ' 


•.«*<. i■«, t.O 
th <•» i< iff*'* 

• I i ’ ! 

The bicarbonate of aminonia is slightly lower in geneial than, the biuarbppaffof 
potash, possibly from a small loss of the former salt hy eyapurqtjpo IB th.Cudiffisroat 
operations. The,times chosen for these two bicarbonatps.is .tyjhqt of tlip ^karbonate 
of epdaiias the square root of 2 to the square root of^j au<f the; 1 ;i lhahle ,agfgt?incut 
observed in the diffusion of these salts gives support therefore to that relation..,; fn 
allodirvg to this relation, however, »t is proper to, add that the carbonates of jRqtysh,and 
sodardfitiiate from it , in a sensible degree,, and tlio hydratasiofipqtash.pntfeqd# 
considerably. If the relation therefore has a real foundation, it must be maskefl ,tp 
the salts .last named by differences existing.betweeatMm.i«.WtaifVPrdiperties, r the 
diSQpvfity.and i*vestigatwn,of which Is of the lastdmpoi^Rp fab thq jtfaiQRy, qf .falBid 


.. , * ■ *• 

Bicarbonate 
of potash. 

Bicarbonate 
of ammoniar 

Uiourfxmat^ 
of soda. 

From 1 per cent.solution.. 

lo6 

95-53 1 • 

1 iftt-07 

From 3 per cent. stfildition .. 

100 

97*18 

98*20 

From 4 per cent, solution.. 

100 

100*97 

99*84 

From 8 per cent, solution ... 

100 

95*19''' 

( 10H>9 ' 




diffusion. 


sti-i 


* ij f 


-;t ' 40 . - Hydm^ihyr&te><6f Marphuiti id in iom-hIMI 
Time of diffusion 11*43 days. The crystallized salt was assumed to be of the com¬ 
position Cj^ ttlgNOe. HCl-f 6HO, with the eqdivhtejit'3^ ’ ’tHe'^htity diffused 
was determined from the chlorine, which was pfebi^d'ateii 'hs c'hlorfde df silver in an 
acid solution 'Hydrochlorate of morphine, 1*8$’ ; pef 'centfof Wife UK 1 sbUosed anhy¬ 
drous, diffused k 64°1, in six cells, 1103, 107$’^ f thkri’iO^'^sl of the anhy- 
;ir 4 us’dsl^foi!'t 9 rbccdls^<: Calculated •for<ff , pef eentiy U 60 grsi!*Vp4 9 tliforil»H> cells. 

5 o 2 
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41. Hydrochlorate of Strychnine. 

Time of diffusion 11'43 days. The crystallized salt was assumed to be of the com¬ 
position C 42 FI 22 N 2 0 4 .H C1+3HO, with the equivalent 397*5. Hydrochlorate of 
strychnine, 2 per cent., density 1 '0065, diffused at 64°*1, in six cells, 11 '54 ,11 ‘62,11*31 5 
mean 11*49 grs. for two cells. The quantities refer to anhydrous salt, and were 
estimated from the chlorine, as with ^iydaojcWorate of morphine. 

These two analogous salts appear to approach very closely in diffusibility. 


Diffusion from 2 per cent, solutions at 64°*1; two cells. 



For a similar period of 11 *43 days, but at a lower temperature, 53°*4, the 1 per cent.' 
solution of hydrochlorate of morphine gave a Wekn “result of 5*49 grs. from two cells, 
and the bydrochlorate of strychnine 5*77 grs. from two cells. But the weights of chlo¬ 
ride of silver from which these numbers are deduced were too small to admit of much 
precision. 

The diffusion of these salts of organic bases in 11*43 days, is exceeded by the diffu¬ 
sion of chloride of ammonium or potassium in 5*71 days, or half the former time. The 
vegeto-alkalies appear thus to he divided from ammonia and potash. 

The neVr bbservationS of the present paper are favourable to the existence of a 
relation amounting to close similarity or equality in diffusibility between certain 
classes of substances. . , 

The chlorides apd nitrates of the same metal generally .exhibit this cores pondenoe, 
as in the chloride of calcium andnitrote of Jiine^ the chloride of .sodium and nitrate 
of soda, and also in hydrochloric and nitric sridst <•> ■ • . * > • ■'" “ • ■ " '< 

' Iso morph 00 s salts exhibit the same relation, us hasbeen Observed in the chlorides, 
bromides and iodides of potassium, sodium and hydrogen, inVarfotiS salts bf baifyth, 
strontia and lead, in numerous magnesian salts, in the salts of silver, soda, and pro¬ 
bably those of suboxide of copper, and in several additional salts of potash and 
ammonia. , , , , 

Corresponding salts of two of the vegeto-alkalies are also found toheequidiffusivs. 

Before discussing the relations between the different groups of equidiffusive sub¬ 
stances which: are thus formed, ft wilLbe necessary ;te examine their diffusion tit 
widely different temperatures, awtbject attended) witb eonsldbraWeyiffloBfty. ' 

t, t.tn A* } ' ,.11 wi* * i', jv-, 1 >l.*f vu .5*'; .'»• ’*01 *'( > .j [\ A HZ* l ✓'.»*.( ' 

W7 , 

'**1* ivt*i** Jo '>Uhvini ‘to nuh'u. t nuNUm*.^ *.v\ 

■ iw > 1 ji *.*"■ 'it*/ V v u s,v /r<> * .H *1/, .. 
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Forces, on the mutual relations of the vital and physical, 757. 

Fucusamide. 473. 

* . «t. ' > 

Fucusine, 474. Nitrate of, 475. Muriate of, 477, Double platinum-salt of, ibid. Oxalate of, ibid. 
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Oils , on the, produced by the action of sulphuric acid upon various classes of vegetables, 467. 
Furfuramide, ibid, Furfurol, ibid. Double chloride of furfurine and platinum, 470, 
Nitrate of furfurine, ibid. Fucusol, 471. Fucusamide, 473. Thiofucusob ibid , Pyrofu- 
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Kosse (The Earl of). Observations on the Nebulas, 499. 
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Salts , double, diffusion of, 21. 

Salts, various, diffusion of, 8. 
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1847-48-49. 8vo. Leeds 1848-49. 

Liverpool:—Proceedings of the Literary and Philosophical Society of Liver¬ 
pool. No. 5. 8vo. London 1849. 

London:— 

The Journal of the British Archaeological Association. Nos. 16 to 20. 
British Association. Reports of the Eighteenth and Nineteenth Meetings. 
8vo. London 1849-50. 


Donors. 

The Academy. 

The Society. 
The Society. 

The Academy. 

H. Stevens, Esq. 

The Society. 


The Academy. 

The Society. 
The Society. 


The Society. 

The Society. 

The Society. 

The Society. 

The Society. 

The Society. 

The Society. 

The Association. 
The Association. 
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Presents. 

ACADEMIES and SOCIETIES (continued). 

London:— 

Chemical Society. Quarterly Journal. Nos. 6 to 9. 8vo. London. 
Geographical Society. Journal. Vol. XIX. 8vo. London 1849. 

Geological Society. Quarterly Journal. Nos. 19, 20, 21. 8vo. London 
184*9-50. 

Horticultural Society. Transactions. Second Series. 4*to. Vol. III. Parts 2,8. 

-Journal. Vol. III. Parts 2, 3. Vol. IV. Parts 1 to 4*. 

Vol. V. Parts 1, 2. 8vo. London 184*8-50. 

Linnean Society. Charter and Bye-Laws. 8vo. London 184-8. 

■ ■ * . List of Fellows. 1849. 

Royal Agricultural Society. Journal. Vol. X. 8vo. London 1849. 

Royal Asiatic Society. Journal. Vol. XI. Part 1, and Vol. XII. 8vo. Lon¬ 
don 1849. 

Royal Astronomical Society. Memoirs. Vol. XVIII. 4to. London 1850. 

. —.—-- Monthly Notices. Vol. IX. 8vo. London 

1849. 

Royal Medical and Chirurgical Society. Transactions. Second Senes. 

Vol. XIV. 8vo. London 1849. 

Statistical Society. Journal. Vol. XII. 8vo. Lomlon 1850. 

Zoological Society. Reports of the Council and Auditors for 1849. 
MauritiusTransactions of the Royal Society of Arts and Sciences for 
1847-48. 8vo .Mauritius 1849. 

Milan:— 

EfTemcridi Astronomiche di Milano, per l’anni 1834-36, 1837-38,1842-48, 

1849-50, and Four Supplements. 

Giornaledell IstitutoLombardo di Scienze. Partsl to 6. 4to. 1847-48. 

____. _8 vo. Milano 1846-47. 

Memoria del F. Meguscher in risposta al quesito additare la migliore c piu 
> facile maniora per rimettere i Boschi nelle montagne diboschite dell alta 

Lombardia. 8vo. Milano 1847. 

Munich:— 

Abhandlungen der Philosophisch-Philologischen Classe der Kdnig. Bay- 
erischen Akademie der Wissenschaften. Vol. V. Part 3. 4to. Miinchen 
1849. 

Abhandlungen der Mathematisch-Physikalischen Classe. Vol. V. Part 3. 
4 to. Miinchen 1849. 

Abhandlungen der Ilistorischen Classe. Vol. V. Parts 2, 3. 4to. Miinchen 
1849. 

Almanach Fur 1849. 

Gelehrte Anzeigen. Nos. 28-29. 

Bulletin. Nos. 1 to 37. 

Naples:— 

Escercitazioui Accademiche degli Aspiranti Naturalisti. 8vo. Napoli 1839. 
Atlante della Statistica Fisica ed Economica dell’ Jsola di Capri. 4to. Na¬ 
poli 1840. 

Rendiconto della Reale Accademia delle Scienze. Nos. 39 to 45. 4to. Na¬ 
poli 1849. 

a 2 


Donors. 


The Society. 
The Society. 
The Society. 

The Society. 


The Society. 

The Society. 
The Society. 

The Society. 


The Society. 

The Society. 
The Society. 
The Society. 


The Institute. 


The Academy of Sciences 
at Munich. 


The Academy* 
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Phesents. 

ACADEMIES and SOCIETIES (continued). 

New York:—Annals of the Lyceum of Natural History. Vol. IV. No. 12. 

Vol, V. No. 1. 8 vo. New York 1849. 

Paris:— 

Comptes Rendus de l’Acad&uie des Sciences. Tome XXX. 1849. Nos. 1 to 
21 , 1850. 4to. Paris* 

Bulletin de la Soci6t£ de Geographic. Tomes X. XI. 8vo, Paris 1849. 

Memoires de la Soei6t£ Geologique de France. Vol. III. Part 2. 4to. 
Paris 1850. 

Bulletin. Vol. VII. Nos. 1 to 13. 8vo. 

Journal de l’tcole Polytechnique. Vols. XVIII. XIX. 4to. Paris 1847-48. 

Philadelphia:— 

Journal of the Academy of Natural Sciences. New Series. Vol. I. Parts 3 
and 4. 4to. Philadelphia 1849-50. 

Proceedings. Vol. IV. Nos. 11 and 12, Vol. V. No. 1. 8vo. 

Proceedings of the American Philosophical Society. Nos. 42 to 44. Vol. V. 
8 vo. 

Journal of the Franklin Institute. Vols. XV. XVI. XVII. 8vo. Philadel¬ 
phia 1848-49. 

Stockholm:— 

Arsberiittelser om Botaniska Arbeten och Upptackter for iiren 1843 och 
1844, till Kongl. Vetenskaps-Akademien, af J. E. Wikstrbm, Fbrra & 
sednare Delen. 8vo. Stockholm 1849. 

Arsbcriittelse om Technologiens Framsteg, till Kongl. Vetenskaps-Akade¬ 
mien, afgifven den 31 Mars 1842-44, 1840, af G. E. Pasch. 8vo. Stock¬ 
holm 1849. 

Ofversigt af Kongl. Vetenskaps-Akademiens Forhandlingar. Arg. 5. Nos. 7 
to 10, 1848. 

Kongl. Vetenskaps-Akademiens Handlingar for iir 1847-48. 8vo. Stock¬ 
holm 1849. 

N&gra reflexioner i anledning af kemins studium och om denna vetenskaps 
stallning i staten. Tal: af L. F. Svanberg. 8vo. Stockholm 1849. 

Arsberiittelse om Framstegen i Kemi under ar 1847 afgifven till Korigl. 
Vetenskaps-Akademien, af L. F. Svanberg. 8vo. Stockholm 1849. 

Toulouse:—Memoires de 1’Academic de Toulouse. Tomes IV. V. VI. and 

Tome I. 3rd Series. 8vo. Toulouse 1837-39, 1843-44. 

Turin:—Memorie della lleale Accademia delle Scienze di Torino. Tomo X. 

4to. Torino 1849. 

Utrecht:— 

Scheikundige Onderzoekingen Gedaan in het Laboratorium der Utrechtsche 
Hoogeschool. 5 de Deel. 6 & 7 dB Stuk. 8vo. Rotterdam 1850. 

AIRY (G. B.) Astronomical Observations made at Greenwich in 1847. 4to. 

London 1849. 

-Catalogue of 2156 Stars, formed from the Observations made 

during Twelve Years, from 1836 to 1847, at the Royal Observatory, Green¬ 
wich. 4to. London 1849. 

-- Magnetical and Meteorological Observations made at the Royal 

Observatory, Greenwich, in 1847. 4to. London 1849. 


Donors. 

The Lyceum. 

The Academy. 

The Society. 

The Society, 

The French Minister of War. 
The Academy. 

The Society. 

The Institute. 

Royal Academy of Sciences 
at Stockholm. 


The Academy. 

The Academy. 

The High School of Utrecht. 
The Admiralty. 
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Presents. 

ANONYMOUS:— 

A Congratulatory Address to Mr. Robert Brown, from the Royal Botanical 
Society of Ratisbon, dn that gentleman being elected President of the Lin- 
nean Society. 

Anatomical Drawings selected from the Collection of Morbid Anatomy in the 
Army Medical Museum at Chatham. 5th Fasciculus, fol. London 1850. 

A Natural Scale of Heights, constructed by Miss Colthurst. A sheet. 

Annales des Mines. Tomes XIII. to XVI. 8vo. Paris 1848-49. 

Annales Hydrographiques, Annees 1848-49. Tome I. 8vo. Paris 1849. 
Annuaire des Mar6es des Cotes de France pour 1848-49. 12rao. Paris 
1848-49. 

Arctic Papers, published by the Admiralty. 

Buildings and Monuments, edited by G. Godwin, F.U.S. Parts 3 to 6. fol. 
London 1849. 

Catalogue of the Calcutta Public Library, and Report thereon. 8vo. Calcutta 
1840. 

Die Fortschritte der Physik im Jahre 1847. Rcdigirt von Professor Karsten. 
8 vo. Berlin 1849. 

Flora Batova. Nos. 150, 151, 159, 161, 162. 4to. 

Further Report on the proposed Great Exhibition of Industry, by the Execu¬ 
tive Committee, fol. London 18-49. 

Index to the Additional Manuscripts in the British Museum, fol. London 
1849. 

Letter to Lord John Russell on the Constitutional Defects of the University 
and Colleger of Oxford. By a Member of the Oxford Convocation. 8vo. 
London 1850. 

List of the Fellows and Members of the Royal College of Surgeons for 1849. 
8 vo. London 1819. 

Magnetic and Meteorological Observations made under the direction ot A.D. 

Bache, 1840-1845. 3 vols. and Atlas. Svo. Washington 1847. 

Observations M6teorologiques faites a Nijne Taguilsk cn 1846-47. 8vo. 
Paris 1846-47. 

Quarterly Reports of the Registrar-!ieneral. Nos. 2 to 5. 8vo. London 1849-50. 
Report of the Commissioners appointed to inquire into the application of 
Iron to Railway Structures, fol. London 1849. 

Plans accompanying the Report. 

Report of the Commissioner of Patents for the United States. 8vo. Washing¬ 
ton 1848. 

Report of the Eleventh French Exposition of the Products of Industry, fol. 
London 1849. 

Report of the General Board of Health on the Supply of Water to the Me- 
tropolis. 8 vo. London 1850. 

Report on a General Scheme for Extramural Sepulture. 8vo. London 1850. 
Report on the Nature and Import of certain Microscopic Bodies found in the 
Intestinal Discharges of Cholera. Presented to the Cholera Committee of 
the Royal College of Physicians of London, by their Sub-Committee, on 
Oct. 17, 1849. 8vo. London 1849. 


Donors. 

Dr. Wallich, F.R.S. 

Sir James MacGrigor, Bart. 

G.B.Greenough,Esq.,F.R.S- 
Bureau des Mines, Paris. 
Bureau des Longitudes. 

The Admiralty. 

The Editor. 

The Library. 

Dr. Du Bois-Reymond. 

The King of the Nether¬ 
lands. 

The Committee. 

The Trustees of the British 
Museum. 

The Author. 

The College. 

Dr. Forbes, F.R.S. 

Prince Dcmidofl. 

The Registrar-General. 

The Commissioners. 

The Commissioner. 

D. Wyatt, Esq. 

The Commissioners of the 
General Board of Health. 

The College of Physicians. 
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Presents. 

ANONYMOUS (continued), 

Tableau g€n£ral des Phares et Fanaux des Cdtes de Holiande et de Belgique. 
8 vo. Paris 1849. 

The Helix considered as a Propeller of Steam Vessels. 8vo. New York 1849. 

The Sanitary Movement. 8vo. Edinburgh 1850. 

The Zoology of the Voyage of H.M.S, Samarang. Nos. 4, 5. 4to. London 
1849. 

Weekly and Quarterly Reports of the Registrar-General for 1849. 

AN ST ED (D. T.) An Elementary Course of Geology, Mineralogy and Phy¬ 
sical Geography. 8vo. London 1850. 

ART (Works of, &c.). 

A Wire which vibrates in a Parabolic Curve. 

Original Drawing of Sir Isaac Newton, made for Roubilliac's Statue of that 
Philosopher at Cambridge. 

ATKINS (Mrs.) The British Algae. Parts 11 and 12. 4to. 

BARBIER (J. B. G.) Quelques Reflexions sur la Psychologie. 8vo. Paris 
1849. 

BEAUTEMPS-BEAUPRfi (C. F.) Rapports sur les Ilades, Ports et Mouil- 
lages de la C6te Orientale du Golfe de Venise. 8vo. Paris 1849. 

BEKE (C. T.) On the Geographical Distribution of the Languages of Abes- 
sitiia and the neighbouring Countries. 8vo. Edinburgh 1849. 

-On the Sources of the Nile. 8vo. London 1849. 

-Ueber die geographische Verbreitung der Sprachen von Abes- 

siuien und der Nachbarlander. 

BEKOABLO (N. de.) L’Armonia Universale in sesta Rima. 4to. Vienna 1846. 

-Repulsione Centrale, Opera a complimento del Poema 

* 1'Arm on i a Universale/ 4to. Vienna 1849. 

BIBO (H.) Erfindung und Bearbeitung einer neuen, durch die 2 gleichmassig 
ohne Briiche theilbaren Decimal-Rechnung, aus einem neuen Zahlen- 
systeme hergeleitet. 8vo. Berlin ] 850. 

BILLING (Dr.) Principles of Medicine. 5th edit. 8vo. London 1850. 

BIOT (J. B.) Une Anecdote relative & M. Laplace. 4to. 

BLAIR (Daniel.) Some Account of the last Yellow Fever Epidemic of British 
Guiana. 8vo. London 1850. 

BOURNE (John.) A Report on Indian River Navigation. Hvo* London 1849. 

-—- A Catechism of the Steam Engine. 8vo. London 1850. 

BRODIE (Sir B. C.) Lectures on the Diseases of the Urinary Organs. 8vo. 
London 1849. 

--— Pathological and Surgical Observations on the Diseases 

of the Joints. 8vo. London 1850. 

BRYSON (Dr.) Statistical Reports of the Health of the Royal Navy. fol. 
London 1850. 

BUCHNER (L. A.) Ueber den Antheil der Pharmacie an der Entwicklung 
der Chemie. 4to. Muncken 1849. 

BUSCH (A. L.) Verzeichniss siimmtlicher Werke, Abhandlungen, Aufsatze 
und Bemerkungen von F. W. BesBel. 4to. Konigsberg 1849. 

—-Astronomische Beobachtungen auf der Koniglichen Univer* 

sitats-Sternwarte in Konigsberg im 1843-8. fol. Konigsberg 1848. 


Donors. 

D£p6t de la Marine. 

a 

The Author. 

The Author. 

The Editors. 

The Registrar-General. 
The Author. 


Mr. Perigal. 

Rev. C. Turnor, F.R.S. 

The Author. 

The Author. 

Bureau de la Marine. 

The Author. 


The Author. 

The Author. 

The Author. 
The Author. 
The Author. 

The Author. 

The Author. 


Sir W. Burnett, M.D. 
Acad, of Sciences, Munich. 
The Author. 



£ 7 1 


Presents. 

CAR A MAN (Le Due de.) Histoire des Revolutions de la Philosophie en 
France pendant le moyen age, jusqu'au 16 me sittele. Vol. III. 8vo. Paris 
1848. 

COX (C. J.) On the Ravages committed by the Scolitus Destructor and Larva 
of the Cossus Ligniperda . 4to. London 1848. 

CURLING (T. B.) Article Testicle, from the Cyclop&dia of Anatomy and 
Physiology. 8vo. 

DANA ( J. D.) On the Isomorphism and Atomic Volume of some Minerals. 
DARONDEAU (B.) Melanges Hydrographiques. Tomes I. II. III. 8vo. 
Paris 1846-7-8. 

DELESSE (A.) Recherches sur ie Porphyrc Quartzif&re. 

.. . - Recherches sur l’Euphotide. 

-—- Sur le Pouvoir Magnetique des Roches. 

-— - Sur la Constitution Mineralogique et Chimique des Roches 

des Vosges. 

DEMIDOFF (Prince.) Voyage dans la Russie M6ridionale et la Crim6e. 
Livraisons 13 to the end. fol. 

DE MORGAN (A.) Method of Integrating Partial Differential Equations. 
Ho. Cambridge 1848. 

DIXON (R. V.) A Treatise on Heat Part 1. 8vo. Dublin 1849. 

DOLLEN (W.) Neue Reduction dcr Konigsberger Declinationen fiir 1820. 
4 to. St. Petersburg 1849. 

EENENS (M.) M&noire sur la Fertilisation ties Landes. 8vo. Bruxelles 1849. 
EMIL DU BOIS-ltEYMOND. Untersuchungen iiber Thierische Elektricitat 
2 vols. 8vo. Berlin 1848. 

ENCKE (J. F.) Astronomisches Jahrbuch fiir 1852. 8vo. Berlin 1849. 
FALCONER (II.) and CAUTLEY (P. T.) Fauna Antiqua Sivalensis. Parts 
1 to 9. fol. Text Part 1. London 1845-9. 

FALLOWS (F.) Cape Observations, 1829-31. 4to. London 1850. 

FARREN (Edwin James.) Life Contingency Tables. Part 1. 
FELLOCKER (S.) Verzeichniss der von Bradley, Piazzi, Lalande und Bessel 
beobachteten Sterne in dem Theilc des Himmels zwischen 6 h 56' bis 8 h 4 f 
gerader Aufateigung und 15° sudlicher bis 15° nordlicher Abweicbung 
berechnet. With a sheet, fol. Berlin 1848. 

FOURCAULT (A.) Causes generates des Maladies chroniques. 8vo. Paris 
1844. 

FROST (James.) Description of the Causes of the Explosion of Steam-Boilers. 
8 vo. New York 1848. 

FUSINIERI (Dr.) Memorie sopra la Luce, il Calorico, Y Elettricita, il Mag- 
netismo, 1’Elettro-Magnetisrao cd altri Oggetti. 4to. Padova 1846. 

_Memorie di Meteorologia. 4to. Padova 1847. 

FUSS (P. H.) Ueber L. Euleri Commentationes Arithmeticee Collect®. 8vo. 
Petiop. 1848. 

GALTON (F.) The Telotype, a Printing Electric Telegraph. 8vo. London 
1850. 

GARNER (R.) Natural History of the County of Stafford. 8vo. London 1844. 
GILBART (J. W.) Practical Treatise on Banking. 2 vols. 8vo. London 1849. 
___ A Lecture on the Philosophy of Language. 8vo. London 


Donors. 
The Author. 


The Author. 

The Author. 

The Author. 

Bureau de la Marine. 

Bureau des Mines. 


The Author. 

Cambridge Phil. Society. 

The Author. 

The Author. 

The Author. 

The Author. 

The Observatory of Berlin. 
The Ordnance Survey. 

The Astronomer Royal. 
The Author. 

The Author. 


The Author. 
The Author. 
The Author. 


The Author. 

The Author. 

The Author. 
The Author. 


1850. 
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Presents. 

GILLISS (J. M.) The Longitude of Washington, computed from the Moon s 
Culminations, observed during the years 1839 to 184*2, inclusive. 4to. Phi¬ 
ladelphia 1849. 

GLYNN (Joseph.) Rudimentary Treatise on the Construction of Cranes. 8vo. 
London 1849. 

GUEST (Edwin.) On the Early English Settlements in South Britain. 8vo. 
Ixmdon 1850. 

HALO AT (M.) Trait6 d’Optique Oculaire. 8vo. Paris 1849. 

-Essai historique sur le Magn6tisme. 8vo. Nancy 1849. 

HAUGHTON (S.) On the Rotation of a Solid Body round a fixed point. 4to. 
Dublin 1849. 

-- On a Classification of Elastic Media, and the Laws of Plane 

Waves propagated through them. 4to. Dublin 1849. 

HOGG (John.) Remarks and Additional Views on Dr. Lepsius' Proofs that 
Mount Serbal is the true Mount Sinai. Map to ditto. 8vo. London 1849. 
HOWARD (Luke.) Essay on the Modifications of Clouds. 8vo. London 1832. 

-Papers on Meteorology. 4to. London 1850. 

JACUBOWITSCH (N.) De Saliva. 8vo. Dorjmt 1848. 

JAMES (C.) Voyage seientifique a Naples, avec M. Majendie en 1843. 8vo. 
Paris 1844. 

-Etudes sur THydrotherapie. 8vo. Paris 1846. 

-De l’Emploi de l’J<Jectricit£ Galvaniquc dans le traitement de 

eertaines Paralysies de3 Membres inferieures. 8vo. Paris 1849. 

JELINCK (C.) Bahnbestimmung des von de Vico am 24 Jiinner 1846 ent- 
deckten Cometen. 4to. Wien. 

-Meteorologische Beobachtungen an der Wiener Sternwarte 

im Jabre 1839. 

JELINCK (C.) uud HORNSTEIN (C.) Cometen-Beobachtungen an der 
Wiener Sternwarte 1835-6 und 1843-4). 4to. Wien. 

JOHNSON (M. J.) Astronomical Observations made at the Radcliffe Ob¬ 
servatory, Oxford, in 1847* 8vo. Oxford 1849. 

Ditto in 1848. 8vo. 1850. 

JOHNSTON (J. F. W.) Contributions to Scientific Agriculture. 8vo. Lon¬ 
don 1849. 

JOURNALS:— 

The American Journal of Science and Arts. Vol. IX. Nos. 25 to 27. 8vo. 
Newhaven. 

The Astronomical Journal. Nos. 1 to 4. 4to. Washington 1850. 

The Athenaeum. 

The Builder. Vol, VIII. Parts 1 to 6. 

The Journal of the Indian Archipelago and Eastern Asia. Nos. 1 and 4, Vol.IV. 

Nos. 3 to 9, Vol. III. 8vo. 

The Literary Gazette. 

The Philosophical Magazine, from Jan. 1846 to June 1850. 

KELLER (A. F.) Des Typhous de 1848. 8vo. Paris 1849. 

KENNEDY (R. H.) De Clifford, a Romance of the Red Itose. A Poem, in 
12 books. 8 xo. London 1824. 

-Narrative of the Campaign of the Army of the Indus in 

Sind and Kaubool in 1838-9. 2 vols. 8vo. London 1840. 


Donors. 
The Author. 

The Author. 
The Author. 
The Author. 
The Author. 


The Author. 

The Author. 

The Author. 
The Author. 


The Author. 

The Observatory. 

The Authors. 

The Radcliffe Trustees. 

The Author. 


Messrs. Silliman. 

The Editor. 

The Editor. 

The Editor. 

The Editor. 

The Editor. 

Richard Taylor, Esq. 
D£p6t de la Marine. 
The Author. 
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Presents. 

KENNEDY (R. H.) Notes on the Epidemic Cholera. 8vo. London 1846. 
KERHALLET (C. P. de.) Description Nautique de la Cdte Occidentale 
d’Afrique. 8vo. Paris 1849. 

KOKSCHAROW (N.v.) Ueber Brookit-Krystalle vom Ural. 8vo. St, Peters¬ 
burg 1849. 

KRECKE (F. W. C.) Description de l’Observatoire M6t6orologique et Mag- 
nStique h Utrecht. 8vo. Utrecht 1850. 

KRE1L (K.) Magnetische und Geographische Ortsbcstiminungcn im Oster- 
reichischen Kaiserstaate fur 1847 und 1848. 4to. Prag 1849-50. 

- Maguetische und Meteorologische Beobachtungen zu Prag 1848. 

4to. Prag 1850. 

... .Ueber den Einfluss der Alpen auf die Aeusserungen der mag- 

netischen Erdkraft. fol. Wien 1849. 

KUPFl'ER (A.) Annuaire MagnC'tique et Meteorologique du corps des In* 
gGnieurs des Mines. An nee 1846. 4to. St, Petersburg 1849. 

LAMONT (J.) Annalcn der Koniglichen Sternwarte bei Munchen. 8vo. 
Miinchen 1849. 

LASSELL (W.) Description of a Machine for Polishing Specula. 4to. Lon¬ 
don 1849. 

LEE (Robert.) Memoirs on the Ganglia and Nerves of the Uterus. 4to. Lon¬ 
don 1849. 

LE VERRIER (U. J. J.) Rapport sur i’ctablissement de nouvelles Lignes de 
Telegraphic Electrique. 

L1NDHAGEN (Dr.) Ueber die Genauigkeit der in Lalandes Catalog. 8vo. 
St. Petersburg 1849. 

LITTROW ((-. L. von.) Annalen der Sternwarte in Wien. Tornes V.—IX. 4to. 
LOVELACE (Earl of.) On the Construction of a Collar Roof. 8vo. London 

1849. 

LUBBOCK (Sir J. W., Bart) On the Theory of the Moon. Parts. 8vo. 
Ijondon 1849. 

LYELL (Sir Charles.) Address delivered at the Anniversary Meeting of the 
Geological Society of London, on the 15th February 1850. 8vo .London 

1850. 

MANTELL (G. A.) Thoughts on a Pebble. 8vo. London 1849. 

MAPS, CHARTS, &c.:- 

The Charts and Sailing Directions published by the Admiralty during 1850. 
Thirty-seven Maps and Charts from French Surveys. 

Two Maps of Isothermal Lines. 

MARCET (F.) Cours de Physique ExpSrimentalc. 8vo. Paris 1850. 
MARTIN (F.) MC-moirc sur l’Etiologie du Pied-Bot, et Atlas. 8vo. Paris 
1839. 

- _ _ _ M&noire sur V Amputation sus*Mall6olaire. 4to. Paris 1842. 

_ - Essai sur les Appareils ProthStiques. 8vo. Paris 1850, 

MARTIN (J.) Outline of a Comprehensive Plan for diverting the Sewage 
of London and Westminster from the Thames, and applying it to Agricul¬ 
tural Purposes. 8vo. London 1850. 

MATTEUCCI (C.) MGmoire sur la Propagation de l’filectricitS dans les 
Corps Solides Isolants. 

MDCCCL. 6 


Donors. 

The Author. 

D&pdt de la Marine. 

The Author. 

The Author. 

The Author. 


The Author, 

The Observatory. 

The Author. 

The Author. 

The Author. 

The Author. 

The Observatory. 
The Author. 

The Author. 

The Author. 

The Author^ 

The Admiralty. 
Depdt de la Marine. 
H. W. Dove. 

The Author. 

The Author. 

The Author. 

The Author. 
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Presents. 

MATZKA (W.) Versuch einer richtigen Lehre von der Realitaet der vor- 
geblich imaginaren Grossen der Algebra, oder einer Grundlebre von der 
Ablenkung algebraischer Grossenbeziehungen unternommen. 4to. Prag 
1850. 

MAURY (Lieut.) Circular prepared by direction of the Hon. W. B. Preston, 
in relation to the Astronomical Expedition to Chile. 4to. Washington 1849. 

MAYO (T.) Outlines of Medical Proof, revised and corrected. 8vo. London 
1850- 

M1ERS (John.) Illustrations of South American Plants. Parts 1—4. 4to. 
London 1846. 

MINERVINI (G.) Dell* Epilessia. 8vo. Napoli 1847. 

MINERVINI (R.) Soluzione di un Problems Geometrico Piano della Classe 
de' Problem! detta da’ Geometri Greci revoewv delle Inclinazioni. 8vo. 
Napoli 1849. 

MISCELLANEOUS:— 

The original Model of the Safety Lamp made by Sir Humphry Davy’s own 
hands, and given by him to James Prince Lee, D.D., Lord Bishop of Man¬ 
chester. 

MOON (R.) The New Equation in Hydrodynamics. 8vo. Cambridge 1850. 

MORTON (S. G.) Catalogue of Skulls of Man and the Inferior Animals. 
8vo. Philadelphia 1849. 

-- Observations on the Size of the Brain in various races 

and families of Man. 8vo. Philadelphia 1849. 

-. .. Additional Observations on a new living species of Hip¬ 

popotamus. 4-to. Philadelphia 1849. 

MULLER (Dr.) (Editor.) Rig-Veda-Sanhita. The Sacred Hymns of the 
Brahmans. Vol. I. 4lo. London 1849. 

NICOL (James.) Manual of Mineralogy. 8vo. Edinburgh 1849. 

OHM (G. S.) Elemente der Analytischen-Geometrie im Raume am schief- 
winkeligen Coordinatensysteme. 4to. Nurnberg 1849. 

ORLEBAR (A. B.) Observations made at the Magnetical and Meteorolo¬ 
gical Observatory at Bombay in 1846. 4to. Bombay 1849. 

OVEREND (G.) Extraordinary New Steam-Engines. 8vo. 

PARAVEY (C. de.) Refutation de l’Opinion 6mise par M. Jomard, que les 
Peuples de 1’AmC‘rique n’ont jamais eu aucun rapport avee ceux de 1’Asie. 
8vo. Paris 1848. 

-M6moire sur la D6oouverte trcs-ancienne en Asie ct dans 

Undo-Perse de la Poudre a Canon et des Armes a Feu. 8vo. Paris 1&50. 

PARKER (W.) The Physiological and Scientific Treatment of Cholera. 8vo. 
London 1849. 

PARLATORE (Filippo.) Viaggio alia Catena del Monte Bianco c al Gran 
San Bernardo. 8vo. Firenze 1850. 

-Flora Italiana. Fasc. 1. 8vo. Firenze 1848. 

PERIGAL (H.) Notes on Revolution and Rotation with reference to the 
Motions of the Moon and of the Earth. 8vo. London 1846-9. 

- ■ .. *— 11 111 Contributions to Kinematics. 

PETERS (C. A. F.) Ober Professor Madler's Untersuchungen fiber die 
Eigenen Bewegungen der Fixsterne. 4to. Su Petersburg 1848. 


Donors* 
The Author. 


Lieut. Gillisa. 

The Author. 

The Author. 

The Author. 
The Author. 


Joseph Hodgson, Esq., 
F.R.S. 


The Author. 
The Author. 


The East India Company. 

The Author. 

The Author. 

The Hon. Directors of the 
East India Company. 
The Author. 

The Author. 


The Author. 
The Author. 


The Author. 


The Author. 1 
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Presents. 

PIROGOFF (N.) Anatomie Pathologique du Cholera Morbus, fol. St* Pi~ 
tersbourg 18*9. 

PLANTAMOUIl (E.) Observations Astronomiques faites & l’Observatoire 
de Gendve dans l'annfo 18*7. 4to. Geneve 18*9. 

--—__. Resume M6t£orologique de l’annSe 18*7-8 pour 

Gendve et le Grand St. Bernard. 8vo. Geneve 18*8-9. 

PLATEAU (J.) Note sur une nouvelle Application curieuse de la Persistance 
dos Impressions de la Retine. 

-„ Recherches sur les Figures d’^quilibre d’une Masse liquide 

sans pesanteur. 4to. Bruxelles 18*9. 

PORTA (L.) Delle Malattie e delle Operazioni della Ghiandola Tiroidea. *to. 
Milano 18*9. 

PORTER (G. R.) The Nature and Properties of the Sugar Cane. 8vo. Lon- 
don 18*3. 

PORTRAITS:— 

Portrait in Lithograph of Sir J. P. Boileau, F.R.S. 

Prince Lucien Bonaparte. 

J. S. Bowerbank, Esq., F.R.S. 

Marquis of Bristol. 

Edward Forster, Esq., F.R.S. 

The Rev. Wm. Kirby, F.R.S. 

Sir It. I. Murchison, F.R.S. 

Robert Patterson, Esq. 

Rev. Edwin Sidney. 

William Spence, Esq., F.R.S. 

William Thompson, Esq. 

Portrait in Oil of John Hunter, F.R.S., by Edward Home. 

J. Uainsden, F.R.S. 

POWELL (B.) On Irradiation. 

QUETELET (A.) Rapport sur l’Ktat et les Travaux de 1’Observatoire Royal 
pendant I'annee 18*8. 8vo. Bruxelles 18*8. 

--- Annales de l’Observatoire Royal de Bruxelles. Tome VII. 

*to. Bruxelles 18*9. 

_Sur le Climat de la Belgique. Tome 1. *to. Bruxelles 

18*9. 

_Observations dcs Phenomenes Periodiques. *to. Bruxelles 

18*9. 

RATHKE (H.) Ueber die Entwickelung der Schildkrbten. *to. Braun - 
schweig 18*8. 

REEVE (Lovell.) Conchologia Iconica. Monographs of the Genus Acha- 
tina—Chama—Doliura—Cassis—Voluta—Ebuma—Bucoinum—Bulimus 

_Conus—Bullia—Chitonellus—Cassidaria—Chiton—Isocardia—Mitra— 

Ficula — Pectunculus — Oniscia—Fusus—Fasciolaria — Mangelia—He- 
wiipecten—Monoceros— Eglisia—Mesalia—Haliotis—Purpura—T urbo— 
Ranella Ricinula—Pyrula— Turbinella—Turritella — Paludomus. 

REGNAULT (V.) Cours &6raentaire de Chirnie. * voU, 8vo. Paris 
18*9-50. 

b 2 


Donors. 
The Author. 

The Author* 


The Author. 


The Author. 

The Author. 

George Ransome, Esq. 


Sir Everard Home, F.R.S. 

The Author. 

The Author. 

The Observatory. 

The Author. 


The Author. 

The Author. 

The Author. 

- • i ■? i 
ii 



; pi i2j ] 

Presents. ■ s -.'1 

REGNAUETfVC) rt ftEISET (ff.) surTtoptraffeh 

des Animaux des diverges Classes. 8vo. Paris 1849. 

RfcrD^iteutaCdl.y the PTogrtss of the Dovdopm^rt Of M Law Of Stbrri^ 
8vo. London 1849. v • ' •'» 

REMAK (R.) 1, ^et^logbche«rfau«a#0agkni'8Vo^»f^. ' r 

RICHARDSON -(Jsttes.) The CruSsetst %eSng'WUMtMr to the Mahals Of 
Lansdowne, TO defence of Armed Coercion for the Extinction of the Slave 
Trade. 8vo. London 1849. 1 '' - "• *' 1 J 

ROBERTS (Henry.) The Dweffihgs of the Labouring Classes ; theft Arrange- 
ment and Construction. 8vo. London 1850. ' v 

HOYLE ( J-fty R^pbrt on the Progress of the Culture of the China Tea 
Plant iri tfcfe HiBi&ayas'fk><h''f$^5 i t6'M4‘7; '8v6. London 1849. 1 ; 

SABJNE (Lieut.-Col.) Directions for the use of a small Apparatus to be em¬ 
ployed faifh d Shfjfs Standard Compass. 8vo . London 1849. 

SCHMIDT (C.) Der Diagnostik Verdttfchtiger Flecke in CrfrthmdfSH^n. 8vo. 

Leipzig 1848. ; i K< • * 

SMEE (Alfred.) Principles of the Human Mind. 8vo. London 1849. 

-Instinct and Reason : deduced from Electro-Biology. 8vo. 

London 1850. 

SMYTH (C. P.) Astronomical Observations made at the Royal Observatory, 
Edinburgh, by the late Thomas Henderson, Esq. Vol. VIII. 1842. 4to. 
Edinburgh 1849. 

SPINOLA (J. y) and CHALUZ DE VERNEV1L (F. T. A.) The Gen- 
euphonic Grammar. 8vo. London 1850. 
vSTANNIUS (H.) Das peripherische Nervensystem der Fische. 4to. Rostock 

1849. 

STAUNTON (Sir George, Bart.) Miscellaneous Notices relating to China. 
8vo. London 1822-50. 

STEVENSON (W. F.) The Composition of Hydrogen and the Non-Decom¬ 
position of Water incontrovertibly established. Second Edition. 8vo. Dub - 
lin 1849. 

STRATFORD (Lieut.) The Nautical Almanac for 1853. 8vo. London 

1850. 

STRUVE (W.) Rapport fait & l’Academie Imp6riale des Sciences, sur une 
Mission Scientifique en 1847. 

- —— Sur la Dilatation de la Glace. 4to. St PUersbourg 1848. 

■ - -Beschreibung der zur Ermittelung des Hohenunter- 

scheides zwischen dem Schwarzcn und dem Caspischen Meere. 4to. 
St Petersburg 1849. 

SYKES (Lieut.-Col.) Contributions to the Statistics of Sugar. 

SYMONDS (J. A.) Some Account of the Life, Writings and Character of 
the late J. C. Prichard, M.D., F.R.S. 8vo. Bristol 1849. 

TAYLOR (T. G.) Astronomical Observations made at the East India Com¬ 
pany’s Observatory, Madras, in 1843-7. 

TEMMINCK (C. J.) Coup-d’ceil g£n£ral sur les Possessions NGerlandaises 
dans ITnde Archipelagique. Tome III. 8vo. Lcide 1849. 

THURMANN (Jules.) Essai de Phytostatique appliquS a la Chaine du Jura. 

2 vols. 8vo. Berne 1849. 


Donors. 

M4, ill 

The u 11 

The 1 

; •, }\ t'r \ *1 r: 

The Author; 

T >*' .v* - \ , w-ir • l f 

The Adtle^r; ■ 

• >> - i* n i r t* 

The Author. ^ 

* ‘ *M . . 'J . / , ’■ 

The Author. 

The Author. 


The Royal Observatory, 
Edinburgh. 

The Author. 

The Author. 

The Author. 

The Author. 

Lieut Stratford, F.R.S. 

The Author. 


The Author. 

The Author. 

The East India Company. 
J. E. Gray. Esq. 


The Author. 
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Presents. Donors. 

TOYNBEE (J.) Pathological Researches into the Diseases of the Ear. 8vo. The A other. 

London 1849. 

TWINING (Elizabeth.) Illustrations of the Natural Orders of Plants, ar- R. Twining, Esq., F.R.S. 

ranged in Groups, with Descriptions. Parts 1 to 6. fol. London 1849. 

WALKER (C. V.) Electric Telegraph Manipulation. 8vo. London 1850. The Author. 

WATERSTON (J. J.) An Account of a Mathematical Theory of Gases. The Author. 

WELD (Charles Richard.) Arctic Expeditions; a Lecture delivered at the The Author. 

London Institution, Feb. 6, 1850, with a Map. 8vo. London 1850. 

- ——Auvergne, Piedmont, and Savoy: a Sunimer -—. 

Ramble. 8vo. London 1850. 

WHITE (Walter.) Arctic Explorations. 8vo. Edinburgh 1850. I he Author. 

WILLICH (C. W.) Annual Supplement to Tithe Commutation Tables for The Author. 

1850. 

ZANTEDESCHI (F.) Risposta ai Signori E. Knoblauch sulla Esistenza The Author. 

delle linee longitudinali nello Sj>ettro Solare. 8vo. Boma 1849. 

_.__ Auuali di Fisica. Part 4. 
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THE KARL OF HORSE, 

LlEl T.-COL. E R VliIXE, R A.— Tri amjrkr, V.P. 

S. HUNTER CHRISTIE, 1Nq, M.A.—Slcrktahy. ! 
THOMAS JBELU Esq —Sroiu tary. j 

CAPTAIN W. H. SMYTH, R N.— For. Sec. 

JOHN JOSEPH BENNETT, Esq. \ 

WILLIAM BOWMAN, Esq 
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SIR P. 1)E 3VIALPAS GREY EUERTON, Bart.,V.I\ 


K.P., M.A.— President. 
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FELLOWS OF THE SOCIETY. 

NOVEMBER 30, 1850. 


Date of Election. 

1808. Apr. 28. 
18*7. Jan. 21. 


1839. June 20. 


1819. June 7. 

c. 

18*5. June 5. 
18*6. Jan. 29. 
1832. June 7. 
183G. Jan. 21. 

p. 

C. R' 
P. 

1841. June 17. 
18*7. Apr. 22. 
1844. Apr. 18. 
1821. Mar. 29. 
1849. June 7. 
1834. Apr. 10. 
18*4. Jan. 11. 

R.P. 

1840. Nov. 26. 


1846. May 7. 
1843. May 25. 
1888. Jan. 25. 
1830. Mar. 18. 
1840. May 7. 



(C) prefixed to a name indicates that the Fellow has received a Copley Medal. 


(R) 

(Rm) 

(P) 

<*) 

(t) 


. .. Royal Medal. 

. Ruraford Medal. 

has contributed a Paper to the Philosophical Transactions, 
is liable to an annual payment of £2 12s. 
is liable to an annual payment of £A. 


Aberdeen, George, Earl of, K.T. Trust. Brit. Mus. F.S.A. F.L.S. ArgyU-house. 
Acland, Henry Wentworth Dyke, M.D. Coll. Reg. Med. Soc., Physician to the 
Radcliffe Infirmary, Lee’s Reader in Anatomy in the University of Oxford. 
Oxford. ' 

Acland, Sir Thomas Dyke, Bart., F'.G.S. Waterloo Hotel, Jermyn-street ; and 
Killerton Park , Devon. 

t Adams, John Conch, Esq., F.R.A.S. C.P.S., Acad. Amer. Art. et Sc. Socius. St. 

John's College, Cambridge. 
t Adair, Robert Shafto, Esq. 7 Audley-square. 
t Addison, William, M.D., F.L.S. 78 Wimpole-street. 
t Agar, Hon. George Charles, M.A. University Club. 

Airy, George Biddell, Esq., M.A., D.C.L. Astronomer Royal, P.R.A.S. Hon. 
Mem. R.S.E. lt.l.A. M.C.P.S., Corresp. Mem. National Inst. Washington U.S. 
Inst. Nat. Sc. Paris., Acadd. Imp. Sc. Petrop., et Reg. Sc. Berol. Corresp., 
Acadd. Sc. Lit. Panorm., Holm, et Monach. Socc. Reg., Sc. Hafn., Acad. 
Amer. Art. ct Sc. Bost. Socius. The Royal Observatory, Greenwich. 
f Alderson, James, M.D. Coll. lleg. Med. Socius. 20 Berkeley-square. 
t Alexander, Henry, Esq. 6 Cork-street. 
t Allen, William, Esq., Capt. R.N. Athenwum Club. 

Andrew, James, LL.D. 

Andrews, Thomas, M.D. M.R.I.A. V.P. Queen’s College, Belfast. Belfast. 

Ansell, Charles, Esq., F.S.A. Tottenham. 

+ Ansted, David Thomas, Esq., M.A., F.G.S. F.L.S. M.C.P.S., Professor of Geology, 
King’s College, London. 17 Manchester-street, Manchester-square. 
f Archibald, Charles Dickson, Esq., F.S.A. F.G.S. M.R.I. 15 PortlantUplace; and 
Rusland-hall, Lancashire. 

t Armstrong, William George, Esq. Newcastle-upon-Tyne. 
t Arnott, James Moncricff, Esq. 2 New Burlington-street. 
t Arnott, Neil, M.D. 38 Bedford-square. 

Audubon, John James, Esq., F.L.S. 

f Auldjo, John, Esq., F.G.S. F.R.G.S. Acad. Reg. Neap. Soc. Noel-house, Kensing¬ 
ton; and Penighacl, Argyleshire. 





FELLOWS OF.TH^ SQfil^TX. (Nw-.W) 


6 

Date of Election. 

] 819. June 7, f Austen, Robert Alfred Cloyne, Esq., F.G.S. Chihvorth Manor, St, Martha’s, 
Guildford. , . J* > 

1837. June 1. f Ayrton, Wilbam, Esq., F.S.A* 186 Piccadilly. 

1816. Mar. 14. Cabbage, Charles, Esq., <M«A. F.R.S.E. IJon. M,R.LA. |\R*A.S. M,Q.P.§. Inst. 

Nat. Sc. Paris. Corresp. Acadd. Reg. Sq. Massil., Hafa., etDivioo. ex intim.; 
,, Acad. Amer. Art. et Sc. Rost., Socc, Reg, CEcon. Boruse., et Pbys. Hist. NaJ« 
Genev^ Socius,—Acadd. Imp. et Reg* Petrop.Patav., Georg. Florent,, Bru\., 
Neap., Mut., Lync. Rom., Societ. Philomath. Paris. Corresp. X Dor set-street, 
Mancfyster-squarp. . 

1816. May 23. * Baber, Rev. Henry Hervey, M.A., M.R.S.L. Acad. Reg. Sc. Monac. Socius. 

Streatham, Cambridgeshire. 

] 828. Mar. 13. Babington, Bepjamin Guy, M.D. Coll* Reg. Med. Socius, 31 George-street , Hanover- 

square . 

1847. Jan. 7. f Back, Sir George, Knt., Capt. R.N. 106 Gloucester-place, Portmon-square. 

1836. Fob. 11. f Baillie, David, Esq. 14 Befarave-square; md Hill Park , Surrey . 

1842. Jan. 13- t Baily, Edward Hodges, Esq., Ii.A. \*J Newman-street; and Percy Villa, Powis-place, 

Hampstead . 

1817. Apr. 15. t Baly, William, M.D. Coll. Reg. Med. Socius. 45 Queen Anne-streel. Cavendish- 

square. 

1815. June 5. t Bandon, James, Earl of. 6 Hyde Park-terrace; and Castle Bernard , Bandon, 

Ireland. 

1849. Feb. 22. t Baring, Right Hon. Sir Francis Thornhill, Bart. Admiralty . 

1834. Dec. 18. Barlow, Rev. John, M.A. F.L.S., Secretary to the Royal Institution. 5 Berkeley- 

street , Piccadilly. 

1823. May 29. C. 1\ Barlow, Peter, Esq., F.R.A.S. Hon. M.C.P.S. Acadd. Imp. Sc. Petrop. Amer. Art. 

et Sc. Bost. Socius.—Instit. Nat. Sc. Paris., et Acad. Reg. Sc. Brux. Corresp. 
Royal Military Academy r, Woolwich. 

1815. Nov. 20. P. Barlow, Peter William, Esq. 8 Elliot-place, Blackheath. 

1850. June 6. P. Barlow, W. H., Esq. Derby. 

1823. Feb. 13. Baron, John, M.D. Cheltenham. 

1844. Dec. 12. Barrow, John, Esq. ? New-street, Spring-gardens. 

1819. June 7. •> t Barry, Charles, Esq., R.A. 3 % Great Georg e-street. 

1840. Feb. 13. R. P. Barry, Martin, M.D. F.R.S.E. Coll. Reg. Med. Edin. Socius. Edinburgh. 

1838. Feb, 8. t Bateman, James, Esq., F.LJS. Knypersley-hall, Staffordshire. 

1827. Nov. 15. Beamish, Major North Ludlow, K.I1. Cork . 

1836. Mar. 24. Beamish, Richard, Esq. 

1814). June 30, Beaufort, Sir Francis, Rear-Admiral, K.C.B. F.G.S. F.R.A.S. Instit. Sc. Paris.Corresp. 

Admiralty ; and 11 Gloucester-place, Portman-square . 

1815, Dec. 14. Bqaufoy, Henry, Esq., F.L.S. South Lambeth. 

1835. June 4. t Bcaumout, Edward Blackett, Esq., F.R.A.S. 144 Piccadilly; and Fimingly-pork, 

, r , , near Bawtry , Yorkshire . ,, , , ^ 

1824. Dec. 23. t Beechey, Frederick William, Esq., Capt. R.N^ F.R.A.S. 8 Westboume-crescent, 

. j , Hy de-park. . , m i} , < * ’ / 1 ^ .. ... „ , ... 

1835.,Feb. 5. + Beetham, Albert William, Esq. 6 Stone-buildings, Lincoln’s-Inn ; and Ropehill- 

lodge, near Lymington^ Hants. ^ _ rf j , 



Ditto of Election. 

18 S&lm. 10: 


183^. Dec. 18. 
1841. Dec. 16. 
1881. May 5. 
1822. Feb. 7. 

1827. May 10. 

1844. June 6. 


1816. Jan. 22. 

181-8. June 5). 
1841. May 9. 

1830. Mar. 4. 
1813. Apr. 0. 
1807. May 14. 

1881. Jan. 20. 
18-41. Jan. 21. 
1816. Feb. 8. 
1821. Apr. 12. 
1841. June 10. 
1837. May 11. 
18M). Mar. 5. 

1813. .1 unci. 

1840. June 18. 
1816. Jan. 22. 
1835. June 4. 
1829. June 4. 


18&9. Jan. 17. 

1814. May 5. 

1842. Nov. 17. P. 
1841. Apr. 22. R. P. 

1809. Apr. 13. C. P. 

A ■ i ' 

1821. Mar. 8. 



FELLOWS OF THE SOCIETY.’ (Nov. 18^0.) ^ / 

Btfl, Thomas, Esq.—S ecretary.—F.L.S. F.G.S: Socc. Hist. Nat. etWtiaM! 
Paris, Acad. Sc. Philad. et Soc. Hist. Nat, Bost. Corresp. Prpf. of Zoology, 
King’s College, London. 1 J New Broad-street ; and Selborne, Hants . | v , r 
t Bellamy, Rev. James William, B.D. Sellinge Vicarage, Ashford, Kent. ' * K 
t Bennett, John Joseph, Esq., Sec. L.S. British Museum. 

Beverly, Charles James, Esq., F.L.S. 1 Hackney-grove, Hackney . 

Bexley, Nicholas Lord, M.A. F.S.A. M.R.S.L. 31 Great George-street *, and Foots- 
Cray-place , Kent. 

Bicheno, James Ebenezer, Esq., F.L.S. F.G.S. Colonial Secretary, Van Diemen’s 
Land. Hobarton . 1 ' f 

t Billing, Archibald, M.D. A.M. F.G.S., Coll. Reg. Med. Socius, Soc. Med. Nov,- 
Ebor. Socius, Soc. Med.-Phys. Florent. et Dresd. Med.-Chir. Brux. Corresp. 
6 Grosvenor Gate, Park-lane. 

Bird, Golding, A.M. M.D. Coll. Reg. Med. Socius. Assistant Physician and Lecturer 
on Materia Medica, Guy’s Hospital. 19 Myddelton-square . 
t Bishop, George, Esq., Trcas. R.A.S. South Villa , Inner Circle , Regent*s-park. 
t Bishop, John, Esq. 38 Bernard-street, Russell-square. 

Blake, Capt. Benjamin, F.G.S. F.R.A.S. India. 

Blake, Henry Wollaston, Esq. Soho , Birmingham; and 62 Port land-place. 

Blake, William, Esq., M.A. F.G.S. 62 Portland-place; and Danesbury, near 
Welwyn, Hertfordshire . 

Blake, William John, Esq. 62 Portland-place. 
t Blakiston, Peyton, M.D. Coll. Reg. Med. Socius. St. Leonard’s-on-Sea. 

Bland, Michael, Esq., F.S.A. F.G.S. Athenmum Club. 

Bland, Rev. Miles, D.D. F.S.A. F.R.A.S. M.R.S.L. Lilley Rectory , near Litton. 
t Blore, Edward, Esq. 4 Manchester-square. 

Boasc, Henry, M.D. F.G.S. Clover house , near Dundee. 
t Boileau, John Thcophilus, Esq., Lieut.-Col. E.I.C.S. India. 

Boileau, Sir John Peter, Bart. 20 Upper Brook-street; and Ketteringham Hall, 
Norfolk . 

< '• ! 1 W 1 

t Bonner, Col. John George, E.I.C.S. 11 A, Great Cumber land-street, Hyde-patk . 

^ Booth, Rev. James, LL.D. M.R.I.A. 22 Sussex-gar dens, Eyde-park. '' 

f Borrer, William, Esq., F.L.S. Henfield , Sussex . 

Bosworth, Rev. Joseph, LL.D. F.S.A. M.11.I.A. Soc. Reg, Antiq. Septen: Hafri. 
Corresp., Socc. Reg. Sc. Norv., Dronth., et Gothob. Socius. 9 Southampton - 5 
street, Bloomsbury ; and 2 Royal Crescent , Cheltenham. 

Botfield, Beriah, Esq., F.S.A. F.R.A.S. F.G.S. F.L.S. Nor ton-hall, Northampton¬ 
shire. i 

Boughton, Sir William Edward Bouse, Bart. Downton-hatt, Ludlow. "‘ 

Bowerbank, James Scott, Esq., F.L.S. F.G.S. 3 Highbury-grove. ‘ 1 i ' f *' 

Bowman, William, Esq., Professor of Physiology and General Anatomy, King'* 
College, London. 5 Cliff or d-street. 

Brande, William Thomas, Esq., Professor of Chemistry in the Royal Institution, 
F.R.&FL iloy at Mint, Tower-hill. 

Brandreth, Thomas Shaw, Esq., University Club. 



Date of Election. 


18&i. June SK 

U 

]8lA May 4.' 

Run 

lto8.5Mov.ai' 


1831. Mar. 8. 

... ( 

18iO. May'lb.' 

‘ 'V 

1805. May 28. 

( a 

1831. Dee. 18. 
1828. Feb. 14. 
1810. Feb. 15. 

C.tJ 

1819, June 7. 
1817. Mari id. 

R. P. 
P. 

1823. May 29. 


1847. Mar. 4. 

P. 

1819. Apr. 21 
1803. Mar. 3. 

P. 

1842. Feb. 17. 
1811. Dec. 12. 

i 

c. 

*.’V , \», 

,183$. May 8. t 

1829. Marl8 

‘1 

,1. J; 

fiv\\ 

1830. June 10. 



rtstioWs df 1 •ttrtf'sdci'fe'rtr! (HttU 

|t ferWlallJarfe;® karitoik* of, 'E*. 1 "Vi ' 1 Pabk-tMti" a*d 

Aberfeldie. * ' 1 " ,Ul ''"' ,s v ”* 

mum; S& Datia,X.M. Lt;0: t?:rtfs.E:»dri. M:ltl.A. fcOJ. F.H.A.S. Ifitft 
1 ' Sc.'Pans. etSoc.Reg. $c. Gotting.Socius. Prindpal of St, Leonard’s College. 

" n WMlratn: ' . 1 

|f "Briggs, 'jllajor-Qenerdl John, fc.LC.S. fo&.AJ3; P.G.9. : 104 Glwce»ter-terrace, 
Hyde-park. ' " 

Bright^Richard,M.D. Coll. Reg. Mfed! Sbcius, F.G.S. Sbc. Reg. Med. H&fn. Socius.-*- 
AdacL Sc. Sien., Socc. Enid. Hung,, et Medico-Chrr. Berolin. Corrcfsrp. 11 
Sabitle-row. ' " ’ " 

Brisbane, Geiierid Sir Thomas Makdodgail, Bart. 1 K.C:B. G.C.H. D.C.LJ Presi¬ 
dent of the Royal Society of Edinburgh, Hon. M.R.I.A. F.R.A.S. F.L.S. 
' : ‘ Insrit. Nat. Sc. Paris. Corresp. Makerstoun, Kelso. 

Bristol, Frederick William, Marquis of. 6 St. James’s-square; and Ickworth-park , 
v Burp St. fcdtntihd’s. 

I* Brockedon, William, Esq. 29 Devonshire-street, Queen-square 
Broderip, Williani John, Esq., B.A. F.L.S. F.G.S. 2 Raymond-buildings,Gray’s-itin . 
* Brodie, Bir Benjamin Collins, Bart.-—' Vice-President. —Serjeant Surgeon to the 
Queen. Inst. Nat. Paris. CorreSp., Acadd. Reg. Scient. Holm. Ca»sar. Scient. 
Viln. Reg. Med. Paris., Reg. Med. Belg. Med. Chirur. Belg. Socius. Institute 
Washington Corresp. 14 SaMe-rbto; andBroome-pdrk, Surrey. 

Brodie, Benjamin Collins, Esq. 18 Albert-road, Regenfs-pUrk. 

Bromhead, Sir Edward Ffrench, Bart. M.A. F.R.S.E. F.R.A.S. F.L.S. M.F.8. C. 
Thurlby, Lincolnshire. 

Brooke, Sir Arthur Brooke Capetl, Bart. M.A. F.L.S. F.G.S. Okeley , North¬ 
amptonshire. 

Brooke, Charles, Esq., B.A. 29 Keppel-street, Russ ell-square. 

Brooke, H&Ury James, Esq., F.L.S. F.G.S. Glaphain-rist. 

Brougham and Vaux, Henry, Lord, M.A. Instit. Nat. Sc. Paris. Socius. Acad. Reg. 
Neapolit. Socius. 4 Gra/ton-street; and Brougham-hall , Penrith. 

\ Broughton, Robert Edwards, Esq. 1 Melcombe-plate. 

Brown, Robert, Esq., t).C.L. Pres.L.S. Hon. Meta. R.S.Ed., R.LAcad., MedL- 
Chirurg. S., and C.P.S. Ord. Boruss. “ Pour le MSrite 99 Eq., Iftstit. 1 (Acad. 
• Scient.) Paris. Socius.—Acadd. Reg. Scient; Berol,, et TaUrin., Imp. Sc. Vindob., 
et Petrop., Reg. Sc. Iiolm., MoUac., Neapol., Matrit., Bruxell. et Bonon.* Instit. 
Reg. Sc. Amstelod., Socc. Reg. Sc. Haftr., et UpsaL, Acadd. CaeB. Nat. Cur., et 
Imp. Geor. Florent. ? Socc. Sc. Harlem., Traject. Batav., Phys. et Hist. Nat. 
Genev., Imp. Hist. Nat. Mosc., Socc. Nat. Serutat. Berolin., Wetter., Traject. 
ad Mcert., Heidelb., Hamburg!, Lips., Phil. Nov.-EbofMed. et Phys. Bengal., 
Med. Holm.et Geogr. Berolin. Socius. 17 Dean-street , Soho. 

JBrownlow, John.^arl, D.C.L. F.S;Ai F.L.S! F.^S. M.R.A.B. lilBetgrattisqokti; 
and Pett6n-h0iise,GrMihani. " 1,1 ' ,! ' ’* v 1 ' 

Bruce, Right Hon. Sir James Lewis Knight, Kelt. F.S.A. Vice-Chancellor. Roe- 
Hampton Priory. ’ r ' * 1 1 ,v 1 ■ * '< < 1 n»’*• I 

Brunei, Isambard Kingdom, Esq! ‘i S buke-stree^, Westminster. 




Date of Election. 

i8aa.,Jw»20, 

18ifoF«b,26. 

**,',< i / * - : 

1836,iwy2jL 

1846, im- 29< 
1829. Dec,. 10. 

1833* Apr. 2,. 

/ i '>* t . 

1838. May 3. 
1833. Apr. 18. 
18JU)«c. 22 

1829. Apr. 1. 

1818, FVb. 20, 
18*17. Apr. 22. 
183(5. Mar. 17. 
1832. Dec. (5. 

1836. May 5. 
1844. Feb* 1. 
1850. June 6. 

1819. May 20 
1822. Mar. 21. 

1837. Jan. 19- 

l81iO.Ju«c28. 

l89J.Mar.10. 

4839. Feb. 14. 

t;l< it 

1SA7. J(unc».; 

l818,M*y28. 
1644. Feb. 1. 

1841. Feb. 11. 
1846. Apr. 2. 


\ 


r. 


p* 


t ft.j,* V » p, Wli 

Bucqleucbj .Walter fr^cip, Duke ^ ^ tf .. WMjte 

and Dalkeith-house, Edinburgh, l( , ; 

Bupklap 4 ,Ve^(R«f.A^ilkap}, Pfnajflf ^e$tmin,st^[, F.L,S* F^G.SjyTryjitj. 

, <, JStyt. Mus., Iustit. Nat, Sc. Pari^j Corresp., *^epi.JSc. Bonnm'.fijocc. Min. Imp. 

Petrop. et Caes. Nat. Cur. Mosc., Sociqs, Deanery, Westminsder. 

It Bud 4 r fGcorge, ^p. CpR Reg., Med, Specif, r 2 p Dovtfrstreet, Piccadilly 
| Caius-College, Cambridge. x ■ | j 

|t Bnist,Geerge,^ a .,p.<?J (y Bo>nba |. r(/ , j ( A (ttf/ , ljHf 
Bwiington, William, R*rl of, M.A., Chancellor of t ttye University: of London.— 
F.G.S. 10 Bel grave-square; and Hardwick-hqllyPerby shire. 

IIlimes, James, K.H., Physician-General Bombay Army. Junior United, jSep^ipp 
, j ' ' Club*, . , , , . , wf 

t Burnet, Hev. Thomas, D.D., Rector <*f $t. James,, £rarlickhythe. 13 Ftnsbury- 

«« mre ' ' . ■ ..*• ■ ; , , r/ rm 

t Burnett, Sir William, K.C.B. K.C.H* M.D. ColJL Reg, Med. Sfociu$.—Acad. Med. 

et Chir., Petrop*-fSocius. Honor. 5 Sonwrect-plcfce. vi , . 

Burney, The Venerable Archdeacon, P*i>. F r S*AyF-L.S, F.G.S. F.R.A.S. JdfR,A,^* 
M.U.S.L. Rectory-house, Bishop’sWickham, Witham, Essex. , , , 

Burns, John,. M.D* Glasgow. v 

Burrow, Rey* Edward John. D.D. F.G.S. Gibrqltar^ 

[t Burrows, George, M*D. Coll. Reg. Med. Socius. 18 fiCavendish-square . 

Burt, Major T. Seymour, M.RA.S, Indfq, . (l| , , - t , j } 

Burton, Decimup, Esq., F.S.A. 6 Spring-gardens; and Si* Leonard’#, Hasfingfy , 
t Burton, Edward, Esq., F.L.S. Brooklyn, near Maidstone. 
t Bury, Edward, E&q. Hansfaperpark, Newport Pqguell. { 

Busk, George, Esq., F.L.S. Greenwich . y , 

Butler, The Very Rev. George, D.D* Dean of Peterb orou gbf F;SA jF.R.A^. 
Butter, John, M.D. F.L.S. Windsor-viUasi Plymouth; and Corringdqq : hall^ 

Brent, Devonshire. . ] , , t ,, ? . } | /. u 

Cabbell, Benjamin Bond, Esq., F.S.A. I Brick-court, Temple; and Portland - 
place. , u 4 r<( _ ,, 

Gadell, William Archibald, Esq*, F^R.S.E^F.jG.S. <, Edinburgh 
Caldcleugh, Alexander, Esq*? FX>S. F.G.S. Chili. 

|t Canterbury, His Grace, John Bird Sumner, Lord Archbishop of. Palace, Lambeth ; 

and Addinytvn-park} Croydon, . , ,, > 

|t Carir^gton, Robert Jphn, Lord. WhitehaU-yard;and Wycombe-abbey and Gay hurst. 
Buck «. t j 

C^letou, Hon. find Rev. Richard, MAs t GreytvelUhiU, Odiham, Hampshire. 

|t, Carlisle, George William Frederic^, Eai’l of. } Gru^enor-place; and Castle Howard, 
. , Yorkshire. . ' .. , ,; 4 . , ,» ,, t 

Game^Joseph^ Esq^, F^S. ;t Psntgnce. , (f / 

t Carpenter, William Benjamin, }$£>. F.G.S, professor of Medical! Juriiprudence, 

./ . Gimee i e ?&!*fa P o 8f 

Cartwright, Samuel, Esq., F.L.S. 9 SayiUe-rfUi ^ anA Nizeli'a Houfe, Tkhfyitlge. 

It CwS«f4 PWw 1W*wpt*-99t> ( iK . 8t 


:i /-I ti8i 
•i hmM \\y\ 



FELLOWS OF f HE SQQIEW, (Not-: 18 fW>.) 


K> 

Pate of Election. 

*812. JuneJL t , (Jawdor, JohnPrederick ? ^l,l>i^. Brit?. Mua. F,GJS. 74 South AudlsyMtr&A, 
and Cawdor-castle, Naim. 

1848. June 9. + Challis, Rev. James,Plumian Professor of Astronomy in the ‘Univpreityof Gam- 

bridge. The Observatory ^Cambridge. t } j , , ) < 

1828. Mar. 13. Chambers, William Frederick, M.D. K.C.H. Physician to the Queen. Coll. Reg. 

. vV Med* Socius. 2 Cumfrerland-sbrect, Bryansions-squar #.. 1 vt^* 

18^3. Feb. 7. , t Chandler, Very Rev. George, Dean of Chichester, JXC.L. M.R.S.L, FJLG.8. 

( , PfMT^ry^ Phichctfer, » - ,»*: . , 

1816. Nov.2f. ,, , Chapman^ Major-Gen. Sir Stephen Remnant, C3. K^C.H. R.E. Tainfield-house, 

... Ta^ton* Somerset. , , i > , ; 

1836. Apr. 28. f Chapman, John James, Esq., Capt. R.A. Athenaum Club . 

1842. May 26. Chapman, Thomas, Esq,, F.S.A* Whitby, Yorkshire. 

1834. Feb. 6. Chesney, Lieut.-Colopel Francis l^awdon* R.A. BailincoUig, Co. Cork. ; , 

1807. Mar. 12. P. Children, John George, Esq*, F.R.S.E. F.S.A. F.L.$. 48 Torrington-square- 
1847. Mar., 18. P, * Christie, James Robert, Esq. WooWich. 

1826. Jan. 12. P. phristie, Samuel >Hunter, Esq., MkA.—Secretary.-—Y.P.R.A.S. F.C.P.S., Pro¬ 
fessor of Mathematics, Royal Military Academy. Acad. Sc. et Lit. Panorcn., 
et Soc. Philom. Paris. Corresp. Royal Military Academy, JVoolwich. 

1842. Apr. 14. f Christmas, Rev. Henry, MA. FJS.A, Sion College, London-Wall. 

1833. Apr. 18. Christopher, Robert Adam Dundas* Esq. 97 Eat on-square. 

1832. June 7. Clark, Sir James* Bart. M*D. Physician to the Queen. 22 B, Brook-street. 

1836. Jan. 28. f Clark* William, M.D. Cambridge. 

1837. May 11. t Clark, William Tierney, Esq. Hammersmith. 

1825. June 9. Clarke, . Sir Charles Mansfield, Bart., M.D., LL.D. CoU. Reg. Med. Socius. 

; WiggirUon-lodge, Tamworth. 

182Q. May 18. . Clarke, Loftus Longueville, Esq., M.A. India. 

1819. May 27. Clerk, Right Hon. Sir George, Bart. D.C<L* F.R.S.E. F.G.S. 8 Park-street, 

Westminster ; and Pennicuik House, Edinburgh. 

1818. June 9. p, t Clerk, Henry* Capt. R.A. Woolwich. 

1820. Dec. 21. Cockburn, Vice-Admiral Right Hon. Sir George* G.C*B. G.C.H. F.R.A.S. High- 

Beach , Essex. : t 

1822. Nov.21. Codrington* Vice-Admiral Sir Edward* G.C.B. G.C.M.G. 92 Eaton-square. 

1820,. Apr. 13. Cplhy, Major-General Thomas, R,E. LL.D.F.R.$.E. Hon. M-R4‘A> F.G.S* 

F.R.A.S. M.R.A.S. Pantyderi , Haverfordwest. 

1830. Feb. 18. Collier, Charles, M.D* F.G.S. 2Q Fitgroy^square. 

1830. Jan. 14. + Colquhoun, Lieut.-Colonel James Nisbet, R.A. Athenaum Club. 

1819. Dec. 9. Conybcare, Very Rev. William Daniel* Dean of Efandaff* F.GJS. Instit. Reg. 

Sc. Paris. Corresp. Deanery, Llandaff. , >; 

1840. June 4. t Cook, Thomas, Esq., Lieut. R.N,,. Professor of Fortification, E.I.C. Military 

, Apademy. Addiscomhe. , . , 

1829. June 18. p. Cooper^ Bransby Blake, Esq. 2 New-etreet, Spring-gardens. 

1832. Dec. 6. Cooper, Charles Purton, Esq., LL.D. Hon. M.R.I.A, 7 NewBomell-cLLincoln 7 s-Inn. 

1834. Feb. 6. ,< Copeland, Thomas, Esq. f l7 Cavendish-square. ■ f ^ 

1833. Dec. 5. t Cc^land, James, M,D* Coll. Reg. Med. Sooius # Sop. Amer. f Philad. Socius. fJ 5 Old 

Burling ton-street* . , , - . > 



Date of Election. 


1821. May 24.1 

1886. May 5. 
1812. Apr. 16. 
1»18. May 7. 
1842. Dec. 22. 
1800.'Miy 8. 


1818. Mar. 5. 

1810. July 5. 

1843. Dec. 7. P- 

1844. Feb. 29. 
1830. Apr. 1. 

1810. Jan. 11. 
1838. Jan. 25. 
1850. June 6. 

1811. May 27. 
1849. June 7. P- 
1828. June 5. 
1822. Nov. 7. 

1834. Jan. 29. P- 
1822. Dec. 19. P. 


1831. June 16. 
1833. Apr. 18. 1’. 

1841. May 20. 
1822. Mst. 28. 
!82C. Jan. 19. P. 

1814. Feb. 17. P. 

1815. Mar. 9. 
1850. June 6. 
1806. Feb. 21V 
1819. Dec. 23. 


1850. June 6. 
1839. Feb. 28. 


FEtlOWS 0# f&ESOClETY. (Noy.'l850.) ll 

Cotton, Williaih, Esq., F.SA. D/C.L. 3 Crosby-sqmre, BishlopsgatS-sttetfi; ktid 
Wilwood-house, Ley tons tone. 

t Cox, William Bands, Esq. J 3itmingham. ‘ 

Crampton, Sir Philip Cecil, Bart. D.C.L. Dublin. ’ ; 

' Cwtffowi, John, Esqj./F.tt.k. M.R.A.8.' ' ' " j '' :l/ 

Creuze, Augustin P. B., Esq. 8 Marlborough~hifl, St. John’8-wood. \ 

* Crichton, Sir Alexander, Knt. M.D. Gratid Cross of* St. Ann and| St. Vl&dftkiH 
F.L.S. F.G.S. Acad. Imp. Sc. Petrop., £t Sod. Imp. Hist. Nat* Mosc., Socias.-—• 
Soc. Reg. Sc. Gotting. Corresp. Seal Chart, nearSevenoaks, Kent. / ^ 1 

Croft, Sir John, Bart. K.T.S. D.C.L. Acad. Reg. Olyssip. Socius. Milgate, near 
Maidstone . ‘ ■ 1 ■ 

Croker, Right Hon. John Wilson, LL.D. ’ } ' ! n " ‘ | 4 u 

t Crozier, Francis Rawdon Moira, Esq., Capt. R.N.' ' 1 ” ! ' f 4 

Crum, Walter, Esq. Thornlie Bank, near Glasgoiti. 1 1 ’ ^ 1 ‘ 

Cubitt, William, Esq., M.R.T.A. F.R.A.S. G Great Georg e-street > Westminster. 
Gumming, Rev. James, M A., Professor of Chemistry, Cambridge. CarkMtijge.' 4 
t Cureton, Rev. William, M.A. Cloisters, Westminster. 
t Curling, Thomas Blizard, Esq. 37 New Broad-street . 

Cursetjee, Ardaseer, Esq. Bombay. :t ' r,i 

t Dalrymple, John, Esq. 60 Grosvenor-street. ‘ r ! 

t Daniell, Edmund Robert, Esq. Birmingham. M ''' 

Dartmouth, William, Earl of, D.C.L. F.S.A. 23 St. Jame&s-square; and Satodibeit- 
park, Birmingham. ' * u,,> 

Darwin, Charles, Esq., M.A. Down , Farnboroiigh, Kent. ! ‘ 

Daubeny, Charles Giles Bridle, M.D., Aldrich’s Professor of Chemistry, and Regius 
Professor of Botany, Oxford. Hon. M.R.LA. F.L.S. F.G.S. Coll. Rejg. Medl 
Socius. Oxford. > { 

Davies, Griffith, Esq. 25 Duncan-tcrrace, City-toad. 

Davies, Thomas Stephens, Esq., F.R.S.E. F,S.A. 1 Royal Military 
Woolwich. ' 

t Davis, Ilart, Esq. 17 Oxford-square , Hyde-park. 

Davis, Sir John Francis, Bart. Athenaeum ; and Hollywood , near Compton, Bfisfdt 
Davy, Edmund, Esq., Prof, of Chemistry td the Royal Dulblin Society, M.R.LA 
Dublin. 

Davy, John, M.D. F.R.S.E. Inspector-General of AtmyUospitals. Heskeih-HotS, 
near Anibteside. ' 

Dawkins, James Colyer, Esq. Ham-comnion, Richmond. ’' ■' 1 

t Day, George E., fesq. St. Andrew’s. 

De Blaquicre, Lord, P.S.A. East Duhoich, Surrey. 1 

De la Beche, Sir Henry Thomas, Knt. C.Bl F.L.S. F.C.S., Director-General of the 
Geological Survey of the United Kingdom. Museum of Practicul(iedidj}\}, 
Jermyn-itreet. 1 , ' 1, 

De la Rue, Warren, Esq. 7 St. Mary*e-road, CanonbUry^square, IslinglchV :' * ^ 1 
f Denham, Henry Mangles, Esq., Captain RiN. 'il* Chartotie-street, Fonletnii-pWci; 
Athenaeum and United Service Club . ,S P' U “ UA 

b 2 



BELLOWS OTITHfi-SOGBETP. <*rMrUMSOJ) 


4« 


Date of Election. 




1841. May 20. 
1838. Feb. 22. 


*1*883. Jude 20.4 


1829. Feb. 19. 

M * M 


»/ * 


1845. Mar. 6. 

1804. Feb. 2. P. 
1832. June 7. 

1811. Mar. 1 31. 
1819. Dec. 23. P. 


f Denham, Rev. r t) Nath /»».< ’nnhp/l ‘ " *ux** 

Denison, Sir William Thomas, "Cap! R;Ri F.R.A.S. FiR.GJ8L fieut. Oo^erabr,^ 
Diemen’s-land. v\ , • i » Juirv.4 h i'/'d*? f<»8t 

' t Delink'd, Thdriias, Lord. 38 4ftiuf < Btoney* Middleton, Derdykhktt ( 

D’Eyncourt, Right Hon* Charles Temoyion, Sb&Ai> Rayon’s Mhnor, Market-Raisin, 
^I&wblkskjre; / ' *«. .M *;> »* J•» -."-I i ; ■' j.»/ T**m 

t Dickinson, John, Esq., F.G.S. F.R.G.S. F.AJ5* l Abbott*8-hill, Hemel-Hempstead. 

Dillwyn, Lewis Weston,’ Bsq»> F.LJS. F.GjS. Bketttf-hwll, Hear SwanSta* U •«.- ( 
t Disney, John, Esq., F.S.A. The Hyde,near Ingeteatone, Essex. ) -> ^ 

Dixon^tteV; Richard, M.AJ Niioii, Me Wight. '*n -ifi 

Dollond, George, Esq., F.R.A.S. 59 Paul’s Churchyard; and North-terrace, 
' ' ^OrnnberwelL > J . «/ « ; j * *' ' 


1838. Jan. 18. 
1842. Jan, 43. t 

, r 1 t)i 

180O. : Jan. 28. 
1816 Jan. 25. 

1826. Mar. 9. 
1836. Feb.4i r 

1839. Dec. 19. 
1808. Dec. 8. 

1834. Apr. 10. 

1825. Mar. 10. 
1824. Feb. 19. 

1847. Apr. 22. 
1838. Jan. 26. - 

1835. Feb. 5. 
1841. Jan. 21, 

1831. Feb. 10. 

1815. Mar. 2. * > 

1834. Jude 5. ^ 
1829. Matvlfc. 

1835. N6V.26. ’ 

1832. Apr. 5: •• 

181ivM^m ^ 

'AVj\Vmn'U S' - . V, 


1819. Feb. 11. 


’ f Donkin, Bryan, Esq.* F.R.A.S. 6 Paragon, Kent-road. 

t Donkin, William Fishburn^Esq., M.A., Savilian Professor of Astronomy in the 
: ‘i ! University Of• Oxford* Oxford. 

Douglas, George, Esq. Cldlston, Kent, . : 

* Dbuglas, Lietiti*Geheral Sir Howard, Bart, G.C.B. G.C.M.G. K.S.C. D.C.L. 
15 Green+street, Gross energy uare. i 

Douglas, William Robert Keith, Lord, 
t Drory, George William, Esq. 3$ West bourne-terrace, Hydt-park. 
f Drummond, Ilenry, Esq. AhbuTy-pdrk^ Guildford, Surrey . : 

Du6kett**SirGeoi$e; Bart. MIA. F.S-A. F.GiS. Hon. M.R.l.S* Regent’e-park* 
Dunraven, The Earl of, F.R.A.S. 3 Hulkin-street West; Adare Manor, Limerick; 

andDunmvcnCctstle, Glamorganshire. 

D’Unban, Major-General Sir Benjamin; G.C.B. K.C.H. K.T.S. 

Durham, Edward Maltby, D.D. Lord Bishop of, F.S.A. 4 Upper Portland-place; 
mdAmdklandwbtfylhirhatn. « 

t DwarHs* Sir Fortunatus, Knt. B*A* P.S.A. 5 Jamei-street, St. James's-park. 

[ t EAstlrtke; Charles Locke,* President of the .Royal Aeademy. 7 Fit xroy-square. 
t Edye, John, Esq. 9 Mecklenburgk-sqmre. 
t Edyei, Joseph, Esq. ' Stoke,Devonpw*ti 

v Egtrrton; Sir Philip de Malpas Grey, Bart.— -Vice PRKStDENT.—F.G.S. 22 Wtlton- 
wescent; and Chiton-park, Cheshire. ? ^ \ \ 

Eliott,- Sir William Francis,) Bart. Stobtfs+casile; and Welts, NJk ! 

Elioti dlon,. George, Reaar Admiral. 88 Eatonrplace* 

Elliotsow^John, M.D.Coll. Reg. Med. Socaus. 37 Conduit street. 
t EHiott, Charle^ Esq-* * 47 Portldnd-piaoe. ( 

Elliott, ReV. Charles BoilOao, ' (MuAJ r 4p Portland+place; and Tattmgsi&te, 
Suffolk. i, < . ,-r. niti r '>>*! 

\ * EIRs/S y Ifcrtryi K.H* B.OD* Sea S/A. Honi M JLLA. Hi«t Scand. Holm; et S«d 
lV '■ ‘'Reg. Antiq. Hahn;vtS6dius. ! 4~Soa< Reg; Alitkp Fxamb. Corresp. Principal 
Librarian of thf British Miisetith. * * British MtiSetm* I ; .. «j t t 

Ellis, Right Hon. Henry, .r* ,<nO .»»'*•»/» ,i-’i i : r rf 

' Thdihhs .Elddter, /EUq., <MA. ERA& ‘FiG'.PiSr! ARorpey-Gttteral i of ithfc 

Dtpdagroof Lassthstqrv > 1 5 ih<jfofid*pUicei r,r: J-i ■*/ 



FELLOWS OT.TBHB^SOOEEm 


Date of Election. 

1882. June 7. 
1841. Jan. 14. 
1841. May 6. 
1829.'daft. IS. 

i w.m:« S ,\-v.U 

1827. Mar. 8. 

i...-S’ - 
1810. May 21. 
1850. June 6. 
1815. Feb. 13. 

1824. Jan. 8. 


t*M iWi ^ T f ' 


P. 


t 

U. ' 

t 

t 

t 


c. 

Rin. 

IH.P 


iOSwnJ/l 1181 

1 i tt. t j ,*;j 


1839. May 2. 
1835. April 2. 
1816. Feb. 29. 

1818. June 9. 

1831. Apr. 10. 
1,836.' Mar. 3. 
1812. May 5. 
1825.Jaa. 27. 
1815* Nov. 9. 

1811. Jan. 17. 

ia39.Mar.21. 
1815. Feb. 13. 

1832. June 7. 


P. 


F. 


Rm. 

IR.P. 


1829; Fek 5. 
1822. Feb. 21. 
1828.Junei2i 

1817. Jtitae 5, 
1802. April 1. 

1818. June 9. 

l823bF*fc 2tM 


P, 


Elphinstond, 8ir'Hk>wa/dl ©art; EdGJSk 
BndeHby, 6htuie^ Et(f>EJ-uS. r ^ v/ { 4fi U *»<-• .M-vr'"* \ 

Enfield, Viscount. 7 1 Baton-square. mh.«/,»• ! 

BnniBkilkn> William Willoughby 3 EbtL of* XKC*E. ,FjA«8*( 5 Aihenauwt P.tWrf 
f • FlorenGe^cotrtyFermanagh) Irdandi I d7*f <#8i 

Everest, Lieut.-Colonel George, Bengal Artilfei^RGJSh F.R.A.8. MJR.A.S. Lwel- 
1 ' hiUyWin&sar.t f‘ ; r ’■/ " >> ? ■ t'"l . i*-m ■" I f ‘* ^ - !H! 

Ewer, Walter, Esq- 8 Patfkmdrfihice* k . ( J jG ’ ! - 

Ffcirbaim, Wiliiani> Esq. ^ Mttncheiter. . 1 . f v. 0 , 7 umk i.'Xj 

Falconer, Hugh, M.D. F.L.S. F/G.6. Superintendent of the E. JtG. Butanip 

Garden, Calcutta. ! • i .•'.•'! . ’* • 

Faraday, Michael, Esq., D.C.L., Fullerian Professor of Chemistry in the Royal In¬ 
stitution of Great' Britain. Hon. Mrui. R.8.Ed., Qatnb. Phil., and Mod* 
Chirurg. Socc., FiG.S. Ord. Boruss. »Po*r k MMk” Eq., Instil. Jiat. 
(Acad. Sc.) Paris. Socius, Acadd. Imp. So. Yiodob. et Petrop., Reg. Sc. Berol., 
Holm., Monac., BruxelL, Bonon., ItaL Muty Socc. Reg. Gotting;, oti.Hnfia., 
AcadvAmer. Bost., et Soc. Amer. Philad. Socius, Aoadr.Panonn,.,, Boep.S.GeWg. 
Florent., ct Philom. Paris-, Instit. Washington., et Acad. Reg. Med. Pari*. 
Corresp. 21 Albemarle-strest. • ■ ! " 1 '' ’ 

Vane, Arthur, M.D.Coll. Reg. Med. Socius. 12 Hert/ord-street, May-fain 
Featherstonhaugb, G. W., Esq. Ham*. . ! ■ 

Fellowcs, Sir Jamts, Knti, M.D. F.R.S.E. Coll. Reg. Med. Socius, , Pang bourne 
Lodge, near Readmit. 1 -D 

Fcrgusson, William, Esq., F.R.S.E. \U Georgestreet, Hanover-square. 

Ffolkes, Sir William Browne, Bart. HillingioneUll, Lynn., ; H «-U- i 

Field, Joshua, Esq. ■ Chellenhtmplace, Lambeth. t <" .-M i V! 

Fielding, George Hunslcy, Esq. The Bower, Maidstone. 

Fisher, RevoGcorge, M.A/ FiR.AyS. RopcI- ■ >V ~\ k[ 
Fitton, Willialn Henry, M.D. F.L.S. F.G.S. F.R.A.S. Coll, Reg. Med. (Socius. 

53 Upper Harley*sbreet. ... , !rl ' 

Fitzwilliam, Charles W^am, Earl, F.S.A. F.G.S. Morlnner-house, GrosvfUW- 
■place; and Henltomlh-koMt, near Rotherham, Yorkshire.. u! .1 ■! I JtH t 
Fletcher, Thomas William, Esq., F.S.A. . Dudley, Worcestershire. 

Forbes, Edward, l«q.,F.L.S. F,G.S. Pr(rfes 80 r of.'Botany : at King’s College, Immloq. 

Palaeontologist to the Geological Swrvey of, Great :Britain. JermynstmXU v,?. \ 
Forbes, James David, Es^ Professor-of:Natural .Philosophy in the .CnixWsity.^ 
Edinburgh. Seo.,R.S.E F.G.S. Instit. Nat Sc. Park.Gorresp. ->y E<Mw** 
Forbes, John, M.D. Colll/Reg.. Med. Soe5i». > 12 M Burkngton-streeL ,q > w 1 
Forbes, Willium Nairn, Esq., F.G.S. ' V > 

• Fordiali,-ttiiJ/ Josab/MIA. F.SiA; Hoil M.RM^Ii. BritkkMMtmir , 
Forttscuey Hugh, EarV K.P. .M^f*^iior *q»are; end Castle-hill* Southmolton. 
Fowletj EMtaMj'MLD.&&AJ/. SdMtryi .,ii ... u..n...o. t 
f Fox, Robert Were, Esq. FabMnith^ u<’M . ■.'!) 'ihj'.l t , 1 .n/■! U181 

„ FtankHn; SlrGohnyHiit. .fQ/pU RJI, IXC.L. FJ*a. F.fcGiS. F^S.,|i 
Acad. Scient. ®vS*v3e^8b& Geogr. Pamat GowtapU 
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Date of Election. 


FELLOWS OF THE S©GIET¥. (NfovJl&SKK) 


182^.Pec. 12. Franks, William, Esq*, M*A* ^WobdKiU,Hikfkl^HeTdJ^dshire. I < »•» -><>- 

1837. June 8. Frere, George Edward, Esq. Royd&n-hail, Liss,Norfolk. 

1834. Apr. IQ. ,f FreshfieM, James Wihiam, Esq;, F.Q.S 15 Repent-street; and Moor‘-place, 
, Betckworth* Surrey. < • < ,* ^ > m- \) i./.i 

1820. Mar. 16., , Friend, Matthew Curling, Esq;, Lieut. R«N. j ? GeorpOrTbwi, Van Dieitien’s Land? 1 
1834. Dec. 18. R. P. f Galloway, Thomas, Esq,,ALA. F.RAJSu 45 Tvrrinpim-square. 

!816.April4, Gardinen Rev, Samuel John, M.A. 

1839. Mar.21. Gaskin, Rev. Thomas, M.A. F.R.A.S. Jesus-College* Cambridge. 

1840. April 9. P. t Gassiot* John P., Esq. Clapham-totoimmi - • v. . , c r * 

1796. Feb. 18. Gibbes, Sir George Smith, Knt. M^D. F.L.S. Cell. Reg* Med. Socius. Sidtneufh, 

Levon* : ■! { • m s ••--m 

1846. June 18. Gilbert, James William, Esq. London and Westminster Bank, Loth bury. 

1834. Apr. 10. Gilbert, John Davies, Esq., MA Eastbourne* 8ussex; and Trelissick, Truro. 

1849. June 7. P. Glaisher, James, Esq., F.R.A.S. 13 Lartmmth-tetracs, Blaokheath. 

1828. Mar. 27. Glenelg, Charles, Lord, D.C.L. M.R.S.L* The Albany, Piccadilly. 

[838. Feb. 8* Glynn, Joseph, Esq, 28 Westbaurne-park+villas, Bayswater. 

1839. Mar. 7. t Godwin, George, jim*, Esq., F.8A- /• 11 Pelham^crtscent, Brampton. 

1828. Mar. 13. GoLdamid, Baroa De, and De Falmeira, F.S.A. F.LJS. F.G.S. F.R.A.S. M.R.S.L. 

Park-lodge , Regent 9 s-park*. 

1819. Jan. 29. P- Gompertz, Benjamin, Esq., F.R.A.S. Kenning ton-terrace, Vauxhall. 

[846. June 11. P. t Goodsir, John, Esq., Professor of Anatomy, University of Edinburgh. 21 Lothian* 
street, Edinburgh. 

[835. Apr. 2. t Gordon, James Alexander, M.D. Coil. Reg: Med. Socius. Pelican Life Assurance 
Office, Lombard-street. 

[801. Jtmell, Gordon, General Sir James Willoughby, Bait. G.C.B, G.CiH. Chelsea. 

1830. Dec. 9. , Gordon, Henry Percy, Esq., M.A. Chelsea. 

1821. Fob. 8. Gordon, Thomas, Eaq. Zante, lotion Islands. 

[820. Apr, 27. « Goulburn, Right Hon. Henry, D.CiL. Montage-place, Portman-square. 

1843. Jan. 19; Gould, John, Esq., F.L.S. 20 BroUd-etrett, Gbldennsqmre. 

1831. Dec. 22. Graham, Right Hon. Sir James R. G., Bart. 46 Grosoenor-place; and Netherby , 

Cumberland. ' » ' 

L836. Dec. 25. R. P. Graham, Thomas, Esq., MA., Professor of Chemistry, IJnivdrsity College, London, 
F.G.S. * Horn Memb. R.S.EtL National Inst. Washington, U.S. Inst: Nat. Sc. 
Pans: Acad. Reg, Sc. Berolin. et Monach. Cdrresp. 4 Gordon-sguare. 

1846. Jan. 2& . f Grainger, Richard Dugard^ Esq^F.RG.S* FMAXS. Highgtite. 

1840. May 21. f ;Grant, Thomas Tassel, Esq; Somerset Home, i ^ i* 

1836. Feb. 4. Grant, Robert Edmond, MiD. F.R.S.E. F.L.S. Professor of Comparative Anatomy 

' 1 : and Zoology m University College. 10 Grt^ton-place, Euston-sqmre. 

1817. Nov. 20. P. Granville, Augustus Bozzi, MJ>. F.G.S. MJLA.S. Acadd. Reg* Sc. Brux., Acadd. 

line; et Pat*: Socth Gedgr. Flor^ ita4 Ndt. Neap., Athem Vm., 

• # ^ Phibm. Baris., Sociius.-~Acad. Ifbjk Sc. Petrop. at (Reg; Taurin. Corrosp. 1109 

Picoadilty. 1 ^ .»•' , a *4 

1832. Feb. & ,, • Gravatt, William, Esq. 34 Parhatnent-strect. t w * "\i .> *. 

1839» Apt’vJ8. P^, i j Graves; I John Thomas, iEsq»y MJL < M.RJSJL, ** Poor-Law Commission *Office, 

I Somerset-house. , 



FELLOWS QFTH^SQOIETO. 


Date of Election. 

1850. June 6. 
1832..Fob; 2. 
1825. Fcb.24. 
1807. Mar. 5. 

1838. Feb. 7. 
1880. June 10. 
1841. Apr. 29. 

1831. Apr. 10. 
1806. May 1. 

1810. Nov. 20. 

1839. June 20. 
1836.Iliac 10. 

1839. Mar. 7. 
18ia Jan. 15. 

1827. May 24. 

1811. Apr. 18. 
1820. Apr. 27. 

1832. April 5. 


1827. Nov.22. 
1847. Apr. 22. 
1821. Mar. 8. 

1839. May 30. 


1808. Jan. 14. 

1808. Jan. IT. 
1813. April"8. 

1888. Jan. 18. 
lKtytApr.SOu 


1*5 

■.»<! 


P. 


t Graves, Robert James, M.D. 'M.R.I.A. Oorh Meift. Tnsfc& of Washing. ^ilS$W 
rim-square South; Dublin. < 'i . &.* * < *’< *’ u! ' 

Gray, John Edward, Esq., F.G.S. F.R.G.S. So<i, Imp* Hist. Nat. Muse. 

Lync. Romai, Sc. Nat. Philad. et Hist. Nat. Boston. Socius. British Museum. 
Green* Joseph Heriry, Esq*, Professor of Anatomy %o thfeRbyal Academy, 

Pres. R. Coll. Surgeons of England. Barnet ; 1 } 5 f t l 

Greenough, George Bellas, E*q., P.L.S. F.G.S. M.R.A.S. Grove-houk, RdgeAH^ 
park. •• • « i f * i / ,J : / i.* • i - ■ w 


Greig, Woronzow, Esq;, M.A. Surrey-hdge, Lambeth. : ^ 

Gressweil, Rev. Richard,' M.A. Worcester College, Oxford. , 5 

t Grey, Thomas Philip, Earl de, K.G. K.P. 4 St, James* s-square; Wrest park- • 
Silsoe, Bedfordshire* and Studky Royal, Yorkshire. i U '• 

t Griffith, Edward, Esq. Nottingham-terrace, Mdi'ylebme. 1 - Vi 

P« Griffiths, John, Esq. ‘ 

R. P. Grove, William Robert, Esq,, M.A. Ph.D., Acad. Reg. Tauriii., et Soc. Phil/ Basil. 

Corresp. Svddons-house , Upper Baker-street; and 4 Hare-court , Tempts. ? ; 
Guest, Edwin, Esq. 4 Kitty's-bench-walk, Temple. 1 

Guest, Sir Joaiah John* Bart. F.G.S. 8 Spring-gardens / Dowlais IronHoOrks^ 
Glamorganshire ; and Conford, Dorsetshire . 

Gulliver, George, Esq. Royal Regiment of Horse Guards, yf ^' ! 

Gumey, Hudson, Esq., P.S.A. M.R.S.L. 9 Jametfs-sguare; and Kemidk-ftkttl 


P. 


near Norwich. 

Guthrie, George James, Esq. 4 Berkeley-street, Piccadilly. \ 

t Haddington, Right Hon. Thomas, Earl of, K.P. Tyningham-castle, Dunbar . 

* Hall, Sir John, Bart. F.R.S.E. F.G.S. 63 Lowndes-sqnare ; and Dunglass, Dunbar, 
Haddingtonshire. 

Hall, Marshall, M.D. F.R,S.E. Coll. Reg. Med. Socius, Acad. Sc. Reg. 

Socius, Acad. Nat. Med. Paris. Adsocius Extraneus, Soc. Imp. et Reg; Med: 
Vienn., Reg. Havn. Brux. Rotterod.,Socc.Med. Dresd. Massach. Philad. Socius. 
14 Manchester-squute. l i 

Hall, Thomas Henry, Esq., M.A. 49 Tavistock-square. 
t Hail, William Hutcheson, Esq., Capt. ILN. Shipbourne-lodge, Tunbridge . * ; ' ^ ; 

Hailam, Henry, Esq.* MA. Trust. Brit. Mus* V.PJS.AJ F.G.S. F.R.A.S. M.R.S.L. 
Instit. Nat. Sc. Paris. Socius. 24 Wilton-crescent, Knightsbridge, 
f Holliwell, James Orchard,’ Esq., Hon. M.R.I.A. F.SA.L. & E. F.R.A.& Hoft. 
M.R.S.L. Socc. Nat. Antiq. France, Reg. Antiq. Septen. Hafn., EfhnoL Patfs.j 
Geogr. Paris., Asiatic. Parish Corresp. AvenueJodge, Brlrton-hilL * 

Hamilton and Brandon, Alexander, Duke of, K.G. F.S.A, 12 Portman-square; and 
Eamiltm*palacc, Lanarkshire. ; * 

/ Hamilton, Rev. H. Parr, M. A* F.G.S. F.R.A.8; Walk Rectory, near Ripon. 

^ j Hamilton, William: Richard, Esq., F.S.A. V.P* R.S.L. Trust. Brit. Mus., Acad. 

Reg. Sc. Berolin. Socius Honor. 12 BolUm»two, May-fair. 
t Hansler, Sir John Jacob, Knt^ F.S.A. %’Westbourne*street, Hyde-park-gardens: * 
, Harcourt, Rev. W; Venablek Vernon, M.A, Hon# M.R.I.A. F.G.S. VfMrake, "no&r 


York. 
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Date of Election. 


18SB;Aprils. 


1831. Dec. 8. 

* 

1817. Feb. 25. 


1839. Jan. 17. 


1823. May 29. 


1814. Apr. 18. 

R.P 

1835. FA. 5. 


1831. June 2. 

C.P 

1845. Mby 8. 


1825. Feb. 17. 


1835. April?. 


1827. May 24. 

P. 

1812. Jan. 9. 


1834. Dec. 18. 


1821. May 24. 


1791. May 5. 


1830. June 10. 


1835. Nov. 19. 


1814. Mar. 3. 


1818. May 28. 


1843. Feb. 2. 


1846. Apr. 23. 


1834. Apr. 10. 


1840. Feb. 27. 


1813. May 27.1 

C.R. 

P. 


FELLOWS OF THE SOCIETY. (NW. isao.) 

t Hardwick, John, Esq., D.C.L. 5 Ulster-terrace, Regenfs-park. 

Hardwick, Philip, Esq., R.A. F.S.A. 60 RusseU-square. 

Hardwicke, Charles Philip, Earl of. Wmpole~hati 9 Arrington , Cambridge . 
t Hardy, Peter, Esq. 66 Brunswick-Square. - 

Harford, John Scandret, Esq., D.C.L. Blaise-casilc, Bristol. 

• t Hargreave, Charles James, Esq., B.L. Incumbered Estate? Commission, Dublin. 
t Harris, John Greathed, Esq., M.A,' 25 Chester^street. 

♦ Harris, Sir William Snow, Knt. Windsor Villas , Plymouth. 

f Haitian, Thomas Charles, Esq. 31 York-terrace, Regent’s-park. 

Harvey, Henry, Esq., F.R.A.S. 59 Regency-square, Brighton. 
t Harvey, Major-General Sir Robert John, C.B. K.T.S. K.S.B. F.S.A. United Service 
Chib ; and Mousehold-house, near Norwich. 
t Harwood, John, M.D. F.L.S. St. Leonard’s, Hastings . 

Hasted, Rev. Henry, M.A. F.L.S. Bury , Suffolk. 

Hawkins, Bissett, M.D. Coll. Reg. Med. Socius. 23 Great Marlborough-street. 

* Hawkins, Edward, Esq., F.S.A. F.L.S. British Museum . 

Hawkins, John, Esq. 

Hawkins, John Heywbod, Esq., M.A. F.G.S. Reform Club; and Bignor-jwrk , 
Petworth, Sussex. 

t Hawkins, Rev. William, B.L. M.A. 23 Great Mar thorough-street. 

Hay, Robert William, Esq., F.S.A. Blechynden-terrace , Southampton. 

* Heath, George Crauford, Esq. Cambridge. 

f Heath, John Benjamin, Esq., F.S.A. 66 Russell-square. 

Henry, Thomas Hetherington, Esq. Brick-lane , Spitalfields. 

Henry, William Charles, M.D. Haffield, near Ledbury, Herefordshire .) 
t Hen wood, William Jory, Esq. The Orchard, near Penzance. 

Herschel, Sir John Frederick William, Bart., D.C.L. M.A. F.R.S.E. Hon. M.R.I.A. 
F.G.S. M.C.P.S. Instifc. Nat. Sc, Paris. Corresp.—Acadd. Imp. Sc. Petrop., 


1848. April 6, 

1843. Jan. 19. 

1839. Feb. 7. 

1820. Mar. 28. 

1889, Jan. 10. f 
1809. Dec. 21. 

1814. May 19. 

1811. June27. 

1841. Feb. 18. R. P. 


1881. Apr. v 14. 


Reg. Berol., Taurin. Neap, et Brux.: Socc. Reg. Gotting., Hafn. et Harl.: 
Acadd. Lync. Rotnae* Patav., Bonon., Panorm., Gioen. Catan. et Divion. ex 
intim., Socc. Philom. Paris., Ital. Mut., Helvet., Socius. 32 Harley-street; 
and Collingwood, near Hawkhurst , Kent. 

Heygate, James, M.D. College-house, Derby. 

Hey wood, Sir Benjamin, Bart. 9 Hyde-park-gardens; and Claremont , Man¬ 
chester. 

Heywood, James, Esq., F.S.A. Athenazum Club. 

Higm&n, Rev. John Philip, M.A. F.G.S. F.R.A.S. Rectory , Fakenham , Norfolk. 

Hilton, John, Esq. 10 New Broad-street. 

Hoare, Charles, Esq., F.S.A. 37 Fleet-street . 

Hobhouse, Right Hon. Sir John Cam, Bart, M.A. 42 Berkeley-square. 

Hoblyn, Thomas, Esq., F.L.S. White Barns , Buntingford, Herts. 

Hodgkinaon, Eaton, Esq., F.G.S. M.R.l.A. Hon. M.R.I.B.A. President of the Lit. 
«»d Phil. Soc. Manchester, Professor oft he Mechanical Principles of Engmeer- 
ing, University College, London. 14 Salford-crescent^ Manchester v } 

Hodgson, Joseph, Esq. 38 Westboume-terrace, Hyde-park. . 
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A* . 

Date of Election. 

_ , ' n i . 

18B9. June20. t Hogg ^ M,A> F.L.8. $£.?& M»A.8^^(nAe.E.d4 i %|* 
benrh-vmlk, Inner Tsmple,; und NgrtpndiQus?, Slochlarwipon- Tees. { y r: j 

1837. Jan. 19 .. Holland, Charles, M*D. Uodbaston. Hall, Penkridge f , . ; f r f R t 

1815. Jan. 19. F* Holland, Henry, M.D, F.G.S. CoiL Reg. Med. Swps*, BfooksirtfU 

1826. Feb. 2. Holman, James* JjSpq., Lieut* R.N* F.L*v?f JViudsqr^ >r { : , ?/ 

1823k Apr.21. \ If. Home, Sir Kverard, Bant, Capt. R.N, E.S.A., «4, Queen Anye-strset, ,< / , M * * 

1813. Dec. 7. Hood, Charles, Esq., F.R*A;8. Earlrstreet, Blackfriqrs ,* q?id Camberwell. \ , <> f 

1817. Apr.22. Hooker, Joseph Dalton, M.I). ff r esl-p*irk 9 Hem. , > \ - 

1812. Jan. 9. Hooker, Sir William Jacksop, K.tL LLJL Hqn. MJLMh F.S.A. JUJSuF^fi#. 

j Acad. Cifcs. Nat. Cur. Socius. Wed-parky Kvtv. \. ; r 

1834. June 5. t Hope, Rev. Frederick William, M.A. F-L.S. 56 Upper Seymour-street. ,, ; . 

1837. June 1. P- t Hopkins, William, Esq., M.A. FMzwilliaift-street, Cambridge. 

1811. May 20. Hoppus, Rev. John, LL.D. Ph.I). Professor of Philosophy and Logic, JJrdveraRy 

College, London, 39 Camdenr street, Camdendown. ;, j i ^; 

1834. Feb. 6. Horne, James, Esq. Cluj ham-common. . , }> ,■ j 

1813. Nov.ll. P* Horner, Leonard, Esq., F.H.S.E. Soc. Sc. llarlem. Sjocius, Rivermede, ffumptpn- 

wick . . ; ; ( i j : ,." , 

1828. Jan. 10. it Horsfield, Thomas, M.D. F.LJS. F.G.S. M.ILA S. Acad. Caee. Nat.. t£pr. 

21 Dtnrruthire-hill , Hampstead. 

1813. May 25. P. Hoskins, Samuel Elliott, M.D. Guernsey. i ; . ’ 

1821. Mar. 8. i\ Howard, Luke, Esq. Brvce-grove, Tottenham; and Ackworth-villa , PoniefmcL »" . 
1831. Apr. 10. Hudson, Robert, Esq., F.G.S. F.L.S. Clapham-common. « ;/ ; : 

1818. Jan. 8. Ilume, Joseph, Esq. i) Bryanstwie-square, ^ .?, ; f.< 

1819. Nov. 1 i. Hunt, llev. George. M.A. F.S.A. Bufklund 9 near Plymouth. . t / f 

3837. Apr. 0. f Hunter, Robert, Esq., F.G.S. F.S.A. High gate, . 1 

1829. Mar. 19. Hutchinson, LicuL-Colonal George, E*LC. Bettg. Engineers. Vallombrosapiand 

' Cheltenham. , ‘ * ; - </ 

1814. Fch. 29, t liyctt, William Hcnrv, Esq. PainsiricMouse, Puinswick. 

1838. May 31. Hymens, Rev. John, D.D. tit. John's College, Cambridge. 

1850, June 6. jt Ibbeteon, Captain L. L. B., K.RE, F.G.S. Glifton-fonse, Old Brompton. 

1813. Mar. 4 ( Inglis, Sir Robert Ilarry, Bart., D.Q.L. Trust. Brit. Mus. V.P.S.A. F.R.A.S. 

j 7 Bedford-squate. 

1807. Apr. 23. I Jacob, William, Esq., Iustit, Sc. Paris. Corresp. 31 Cadoyan-place 9 Moam-drmt. 

1815. Apr. 3. jt Jackson, Colonel Julian. 52 Col ediUI street, Pimlico, 

1848. June 9. t James, Henry, Capt. R.E. M.R.l.A. F.G.S.S.L.&.D. 30 Norfolk*crescent, Hyde¬ 
park. . . - > - 1 . ; - . ■ ‘ 

1826, May 25. Jameson, Rt>bert, Esq., Regius Professpr of Natural ? History, Edinburgh. F.IL&E. 

Hon.M.U.I.A. E.LiS. F.G.S. Acad. Reg, Neap*: Socc. Reg. Sc. Dan., 
Imp. Hist. Nat. Mode., Hist. Nat. Vetr. et Paris^ PhUom. Paris., Amer.iPhilad., 
Phil, efc Hist. Nov.-Ebor., Socius.-H-Acsadi Reg. Sc* ? Berol. Cc«?respi/ Edin¬ 
burgh. - * • ■ < ' ■ f 1 i . * 1 * • k I 

lS41, Jtm. 7; 1 t Jefifcre>iy; Julms, Eiq.' 25 A 9 Norfolk-crescent,tfyde«p$rk.$ t •* .» .»i MM 

1840. Af)r. 2. * t Jeffreys, J6hn Gwyn, Esq., E.L.S* Norton^ near Ewmsea. 

1841. Feb. 18. ^ ' t Jenkins* Sir Rtcluard, G.C.B.* Emt lndUHouse} mi Bickton-hall\ Shrewsbury. 

1838. Mar. 15. t Jervsit, Thomas Best* Esq.* Mljw E4*QdS*,F*L*S. iiF.ILA.S.: iHtkffi&W Mil 

c 
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Dtte at Election. 


FELLOWS OF THESGQIETY. iXm 1350.) 


1842. May 5. t Jesse, John, Esq,, F.R.A.S. F.L.S. Frodsham, Cheshire* • ; < 

1842. Mar.10, f Johnson, Cuthbert William, Esq. 14 Gray’s4nnsqnare. 

1SS6.Mst.10. P. f Johnson, Edward John, Esq. Captain R.N. 13 Clement’8-inn. 

1838. Jan. IS. Johnson, Rev. George Henry Sach overall* M.A. Professor of Moral Philosophy Is 

the University of Oxford. Oxford* ? * < 

1846. Apr. 80. t Johnson, Percival Norton, Esq., F.G.S. 44 RusseU-square; and Ward-house , 
Tavistock . 

1845. June 5. Johnston, Alexander Robert, Esq. 

1837. June 15. Johnston, James F. W., Esq., M.A. F.R.S. Ed, Professor of Chemistry and Mine* 

ralogy in the University of Durham. Durham. 

1850. June 6. P. t Jones, Charles Handheld, M.D. Coleshill-house, HighwoHh, Berks. 

1846. Apr. 30. P. Jones, Henry Bence, M.A. M.D. Coll, Reg. Mod. Socius. 30 Lower Grosvenor- 

street , Grostienor-square. 

1835. June 4. P. t Jones, Thomas, Esq., F.R.A.S. 4 Rupert-street. 

1844. Mar.21, t Jones, Thomas Rymer, Esq., Professor of Comparative Anatomy, King’s College. 

St. Am’s-hiU, Wandsworth. 

1840. Apr. 30. P. t Jones, Thomas Wharton, Esq. 35 George-street , Hanover square. 

1850. June 6. P. Joule, James P., Esq. Manchester. 

1840. June 7. R. P.t Kane, Sir Robert, M.D. M.RJ.A. Principal of the Royal College of Cork. 51 Ste- 
phen’s-green , Dublin. 

1840. Nov. 19. Kater, Edward, Esq., F.G.S. M.RJ.A. Mexborough , Yorkshire ; and Athenamm 

Club . 

1846. Feb. 26. t Kay, Joseph Henry, Commander R.N. 

1838. Doc. 6. t Kelland, Rev. Philip, M.A. F.R.S.E. M.C.P.S. Professor of Mathematics in the 

University of Edinburgh. War die, near Edinburgh. 

1822. Mar. 28. P. Kidd, John, M.D. Regius Professor of Medicine, and Aldrich’s Professor of Ana¬ 
tomy, Oxford, F.L.S. F.G.S. ColL Reg. Med. Socius. Oxford. 

1834. Dec. 18. C. P. Kiernan, Francis, Esq. 30 Manchester-street, Manchester-square. 

1824. Feb. 26. King, Philip Parker, Esq. Captain R.N. F.L.S, Dmheved , Neiv South Wales. 

1830. Mar. 4. Knowles, Sir Francis Charles, Bart. M.A. 8 Beaumonts tree/, Portland-place. 

1810, Jan. 18. P* * Konig, Charles, Esq., K.H. Hon. M.RJ.A. Acad. Reg. Sc. Monach, Socius.— 

Acad. Imp. Sc. Petrop., et Soc. Reg, Gotting. Corresp.—Soc. Imp. Hist. 
Nat. Mosc. Socius.—Acad. Panorm., et Soc. Veterav., Sodalis. British 
Museum. 

1843. Nov. 23. Laing, Rev. David. 62 Mornington-road, Regent’s-park. 

1845. Dec. 19. t Lankester, Edwin, M.D. F.L.S. 22 Old Burling ton-street. 

1811. April 4. Lansdownre, Henry, Marquis of, K.G. D.C.L. Trust. Brit. Mus. M.R.S.L* 152 

Berkeley square; and Bowood-park , Wiltshire. 

1844. May 16. Larcom, Thomas Aiskew, Capt. R.E. 

1849. June 7. t Lassell, William, Esq,, F.R.A.S. F.R.S.E, and Soc. Philomath. Pans. Starfield , 
Liverpool. 

1848. June 9. t Eathain, Robert Gordon, M.D. Hpu. Mem. EthnoL Soc. New York. * 29 Upper: 

Southwickstreet , Oxford-terrace; and Old White-house Lodge , Holbeach, Lin- 
, colnskire . t 

1813. Nov. 11. Lawrence, William, Esq. 18 Whitehall-place, 
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Date of Election. 


1840."May21. 
1815. Apr. 13. 


1843. May 11. 
1831. Feb. 24. 


1830. Mar. 25. 

1849. June 7. 
1820. Nw. 16. 

P. 

1848. June 9. 
1817. June 12. 
1822. May 23. 


1836. May 5. 
1846. June 18. 

1811. Mar. 7. 

1828. Jan. 17. 


1832. Feb. 2. 
1836. Feb. 4. 
1818. Mar. 12. 

P. 

1830. Mar. 11. 

P. ' 

1834. Apr. 10. 
1830. Jan. 21. 
1838. Feb. 22. 
1850. June,13. 


1810. July 5. 
1841. Nov. 25. 


1834. Dec. 18. 
1829. Jan. 15. 

R.P. 

1826. Ffeb. 2. 
1826. Apr. 13. 
1840. Apr. 30. 

ft. P. 

1849. Nov. 22. 
1816. Mar. 14. 


1827. Junel4. 
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Lawson, Henry, Esq. 7 Ldnsdowne^crescent, Bath. * ’ Ui ' f ***' 

Leake, Lieut.-Colonel William Martin, M.R.S.L. Acad. Reg. Sc. B^rol. Soltis 
Honor., Instit. Nat. Paris.Corresp. 50 Queen-Anne-street. 1 ji 

Le Couteur, Colonel John. Belle-vue, Jersey* i,r ***"*■*■< 

Lee, John, LL.D. F.S.A. F.R.A.S. 5 College, Doctors’-commons; and Hartwell-house , 
near Aylesbury, Buckinghamshire. ,f t; 

Lee, Robert, M.D. Coll. Reg. Med. Socius. 4 Saville-row. 

Leeson, Henry Beaumont, M.A. M.D. V.P.C.S. Obll. Reg. Med. SocittB. Greenwich. 
Lefevre, John George Shaw, Esq., M.A: Vice-Chancellor of the University^ Lbn- 
don. 6 Old Palace-yard. 

Lefroy, John Henry, Capt. R.A. ,(i itr ^J 

Legh, Thomas, Esq., D.C.L. Lyme-purk, Cheshire. J. / 

Lemon, Sir Charles, Bart. 46 Charles-streel, Berkeley-square; and Car clew, near 
Falmouth, Cornwall. : « - : 

It Lewis, Thomas Locke, Esq. Capt. R.E. F.G.S. IbslCy-cottage, Exeter. 
t Liddell, Sir John, M.D. Royal Hospital, Greenwich. 

Lincoln, John Kaye, Lord Bishop of. Palace , near Lincoln. ' ■* 1} * ■ 

|t Lindley, John, Phil. D. F.L.S. Acad. Reg. Bcrol. Corresp.; Acad. Caes. Nat: 

Socc. Physiogr. Lund., Linn. Holm., Socius.—Soc. Batav. Sc., Lyc. Nat. Hlsti 
Nov.-Ebor., Socius Honor.—Prof. Bot. Univ. Coll. Lond. 21 Regent-street. 
Lister, Joseph Jackson, Esq. Upton, Essex. j 1 in * ' 

Llewelyn, John Dillwyn, Esq., F.L.S. Pennllegare, Glamorgan. 

Lloyd, Edward, Esq. Captain R.N. Cheltenham. '* : 

Lloyd, Lieut.-Col. John Augustus, Surveyor-General, F.S.A. F.R.G.S. Assddiate4f 
Inst. Civ. Eng. F.R.S.A. & S. and R:S. Arts & Sci. Mauritius. 1. 
terrace , Victoria-road, Kensington; avid Athenaeum. 

Lloyd, Rev. William Forster, M.A. Missendm, Bucks. 

Lloyd, Rev. Humphrey, D.D. M.R.l.A. Dublin. 

Locke, Joseph, Esq. 6 Chester-terrace, Regent*s-park. 

Londesborough, The Right. Hon. Lord. Piccadilly-terrace. ' r: 

Lonsdale, William, Earl of. 14 Carlton-terrace; and Lowther-castle, near FenYlthi 
Lovelace, William, Earl of. East Horseley-park, Ripley, Surrey; and Ashleycombe, 
Porlock, Somerset. 

Lowe, George, Esq. 39 Finsbury-circus. 

Lubbock, Sir John William, Bart. M.A. F.L.S. F.R.A.S. M.R.A.S. 23 St. Jtonvefk-* 
place ; aud High Elms, Famborough, Kent. 4 ' 1 u ‘ 

Lyell, Sir Charles, Knt. M.A. F.L.S. P.G.S. 11 Harley-street, Cavcndish-sfuare. 
Lyndhurst, John Singleton, Lord, D.C.L. 25 George-street, Hanover-square. 
Lyttelton, George William, Lord. 38 St. James*s-place; and * Hagley-park, nedr 
Stourbridge, fVbrceslershire. 

Macaulay, Right Hon. Thomas Babington. The Albany. 

MacGrigor, Sir James, Bart., K.T.S. F.R.S.E. Colli Reg. Med. Socius. 3 Hatley- 
; ' street 

Mackinnon, William Alexander, Esq., M.A. F.S.A. F.G.S. 4 Hyde-park-place ; 
and Newton-park, Lymin^ion, Haute* ■ 1 ' * * ' 

c 2 


* *>; 
t ; 
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Date of Election. 

1831 ."Bee. 8. V. 
1839. May 30. 

1838. Apr. 5. 

1848. June 9. 

1832: Feb. 2 . 

1817. June 12. " 

1819. June 21. 
1827.Mar.22. 

1847*. Apr. 15. 

1839. Apr. 18. 

1829. May 28. 

1821. June 28. 

■ 1831. May 12. 

1819. Junc21. ’ 

1825. Jan. 20. 

1825. Nov.24. R.F. 


1836. Jan. 28. 

1816. Mar. 28. 
1845. Feb. 13. 
I823.Nov.27. 

1840. Feb, 19. 
1832. Feb. 2. 

1829. Feb. 20. 
1827. Mar. 1. 

1835. June 4. 

1841. Jan. 14. 

1817. May 15.' 

1843. Mar. 9. 
1843. Mar. 30. 
1850. Jiinc 6. P. 
1845. Feb. 0. P. 


1838. Feb. 8. 
1836. Mar. 3. 


Mallear, Thomas, Esq.; F.R.A.S. Aath)faoroer Royal *1/ the Cap* of^Good 
Hope* ' 1 * ■ ‘l* ' : • ,j [ j. 1 

t Mackmurdo, Gilbert Wakefield, Esq; Bt, Thomas's Hospital; and j New Broad* 
street ' ‘ ' \ '• * - u \ .* * ; • < - . 

f Macneill, Sir John, F.R.A.S. M.R.I.A. 28 Rutland-squure, Dublin. 
t M c William, James Ormisfcdn, M.D. 14 Trinity-square, 1'mver-AUL ; , 

f Madden, Sir Frederick, K.H. Hon. M.R.I.A. Soc. Reg. Antiqc Septen. Hafk Socius. 
British Museum. 

Maddy, Rev. John, D.D. F.S.A. F.R.A.S. Bomertdmt> Bwny St Edmunn’s. \ . 
Magrath, Sir George, K.H. M.D. MJU.A- F.L.S. F.GJS. Plymouth. 
f Mahon, Philip Henry, Viscounty D.C.L. President Soc* Afcmu. 41 GrosvenOr-^ 
place ; and Ch evening-place, Kent 

f Maitland, John Gorham, Esq., M.A. 5 S Guildford-street, J Russ ell-stjuure. j 
f Maitland, llev. Samuel Rofty, D.D. F.S.A. Gloucester . 

Maitland, Ebenezer Fuller, Esq., F.S.A. Park-place, Henley-on-Thames, Oxford- 
shire . 

* Majendic, Ashhurst, Esq., F.G.S. Hedmgham-custle , Castle Hedingham, Essex. 
Mauby, George William, Esq. Yarmouth . 

t Manchester, James Prince Lee, Lord Bishop of,F.G.S. F.R.G.S. F.C.P.S. Arch. Inst. 
Rom. Corr. Soc. Palace , Manchester. 

Mangles, James, Capt. R.N. 66 CambrbdQt-terracc , Edyware-road. 

Mantefl, Gideon Algernon, LLvD. F.L.S. F.G.S. Coll. Reg. Med. Socius, Soc. 
Philom. Paris. Corresp. Acadd. Philad. et Connect., Socius Honor. 19 Clu ster- 
square, Pimlico. 

Marcet, Francis, Esq. Geneva . 

Markland, James HeytvoOd, Esq., F.S.A. Bath. 

Martin, James Ranald, Esq., F.R.M. & C^S. M.R.AJS. 71 Grosucmr-street. 

Maskclyne, Anthony Me nun Story, Esq., M;A. Basset Uduicn-house, Swindon. 
t Matheson, James, Esq. 13 Cleveland-row. 

Mauley, William Francis Spencer, Lord do. 21 St James’splace; and Canford- 
house, near Wtmbome, Dorset , 

Maxwell, Sir John, Bart. Pollock , Rev from hire. 
t Mayo, Rev. Charles, B.D. F.S.A. Colesyrove , near Chvshunt , Hertfordshire. 
t Mayo, Thomas, M.D. Coll. Reg. Med. Socius. 56 Wmpvle-street. 
t Melvill, James Cosmo, Esq. East India House. 

Melville, Robert, Viscount, K»T. F.R.A.Si 3 Somerset-place; and Mdvilte-caftle, 

, Edinburgh. 

t Miers, John, Esq., F.L.8. Temple Lodge, Hammersmith. 

\ f Miller, Joseph, Esq. Monastery-cottage , East-Jndin-roud. 
f Miller, J. F., Esq. Whitehaven* I :1 t". . ». t * 

Miller, William Allen, M.D. Professor of Chemistry, King’s College, London. 

Wkg’s College. ' « l' f • . * .. t* > | >• ■. 

Miller, William Hallows, Esq. M.A. Prhfessor of Mineralogy. Cambridgei , ,* 
Mlnto, Gilbert Elliot Murray Rynyamoutid, :Eart? pf, G*CXB^ F.R.A^S, f , 

castle, Rotfbuilykslme. I 1 *1 ,»♦*i 1 . ...... 



Date of Election. 

isac.'Nov.ae.' 
] 841. Apr. 29. 
1846. Feb. 13. 

1830. June 16. 

1835. Apr. 2. 
1846. Feb. 26. 

1827. Feb.«. 
1835. April 2. 
1832. Feb. 2. 

1842. Mar. 3. 

1831. Mar. 10. 
1839. Feb. 7. 
1830. Feb. 18. 

1822. Dee. 5. 

1820. April 0. 


1820. Mur. 10. 
1820. May 18. 
1810, June 18. 

1846. Jan. 15. 
1810. Mar.20. 


1833. Feb. 7. 
1842. Dec. 15. 
1830. May 27. 

1818. Apr. 9. 

1826. Feb. 2. 

1848. June 9. 
1835. June 4. 
1824. Mari 4. 

1819. Feb. 25, 


FELLOWS OF THE SOCIETY, • (Not. Wlfy)- 

* 

f ■ ■* “ *•*’ 

Molesvrorth, Sir William, Bart. 4 Lowndes-sgpm! ard Pmcarrou?,. Cornwall. 
t Monteagle of Brandon, Thomas, Lord, F.S.A. 7 Park-street, Westminster. 

t Mooteith* Major-General William. * / . * 1 , 

Montefiare, Sir Moses, Bart. 7 Grosvenor-gate , Park-lane p and East-Cliff Lodge, 

Ramsgate. , . * 

t Moore, George, Esq. v F.S.A. F.L.S. 64 Lincoln 7 s-innrjields., , ':-'i 

t Moore, Major John Arthur, F.S.A. 2S Park-crescent, Portland-place ; and Bogie- 
cottage, Thames Litton . < 

Moreau, Cesar, Esq., Acadd. Reg. Divion., Burd., et Masil., .Socius. Paris. 
t Morgan, Arthur, Esq. 26 Neu> Bridge-street, Blackfriurs. , ’ : 

f Morgan, Octavius S„ Esq. M.A. F.S.A. 9 Putt-mall; and Tredegar-parKMowpouihr { 

t Morison"^ Major-General Sir William, K.C.B. F.R.S.E. Oriental-club; and ,lfi 

Saville^row. 1 ' v 

Morris, Juhn Carnac, Esq. 10 Mansfield-street, Portland place. x . 

P. f Moseley, Rev. Henry, M.A. Wandsworth. 

Moss, Joseph William, M.B. 7 lie Manor-house, Uptan-Buhop, near Boss, Here- 

fordshire. / ■ ^ 

Mudge, Rich. Zachariah, Lieut.-Col. R.E. Beechwood, Plympton, Devon. 

C. Murchison, Sir Roderick Impey.—V xce-Prbsii>*ST-— O.C.St.S. M.A. F.G.S. 

F.L.S. &c„ Hon. Mem. lt.S.Ed. R.I. Ac., Cam. Phil. Soc. and Imp. Gepg. 
Soc. Petersb., Acad. Imp. Sc. Petrop. Soc. Reg. SeL Hatn., Aoad. Amer. Art, 
et Sc. Best. Socius, lust. Nat. Sc. Paris, et Acad. Reg. Taurin. et Berolin. 
Corrcsp., et Soc. Imp. Sc. Nat. Ilist. Mosq. Socius, &c. &c. 16 Belgrave- 


R.P. 


square. " r ' 

Mylne, William Chadwell, Esq., F.R.A.S. New-Biver-head. 

* Napier, Henry, Esq., Capt. R.N. Cudogan-place. 

t Nurrien, John, Esq., F.R.A.S., Professor of Mathematics in the Royal Military 
College, Sandhurst. Sandhurst. ■ 

Neilson, James B., Esq. Glasgow . 

t Newport, George, Esq., F.L.S. F.R.C.S. Soc. Philom. Paris. Corresp. Hon. 
For. Mem. Am. Agri. Assoc. New York. 49 fambridge-street, Hyde-park- 

square. ■ ' * 

t Nolan, Rev. Frederick, LL.D. M.R.S.L. PrittleweU, Esses, 

Norfolk, Henry George, Duke of, K.G. St. Jamcs’-squarey and Armdel-castle. _ 
Northampton, Spencer Joshua Alwyne, Marquis of. F.S.A Hon. M.R.l.A. F.L.S. 

F.G.S. 145 Piccadilly; and Castle Ashby, Northampton. 

Northumberland, Algernon, Duke of, F.S.A. # or.lhmtberland-house; and Ain- 

mck-castle. ■ -./.A' ; • 

t Ogle, James Adey, M.D. F.R.A.S. ColL Reg. Med. Socius, , Lhrd Lichfield and 

Aldrich's Professor of Medicine. Oaford. ; ■■ ' - 

f Oldham, Thomas, Esq., M.A. M.R.I.A. Trinity College, Dublin. , 

Oliveira, Benjamin, Esq. » Upper Hyde-park-street. / 

Orfordi Horatio, EarloL White's Club ; mi Wotiertaa-po^., Norfolk, „ , v , 

Ormerod, George, Esq., D.C.L. F.S.A. F.G.S. Sedbury-park, Gloucestershire. 
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Date of Election. 

1843.Mar. 16. t O’Shaughnessy, William Brooke, Esq., M.D. CalputUu t «;v; 

1838. May 3. P. Outram, Sir Benjamin Fonseca, MJ>*iFiR.£h& 1 tfpfMGWywre. ; { >: I 

1834, Pec. 18,-R.P. Owen, Richard, Esq., M.D. LL.D. F.L,S. F.G.S. V.PJ&S* Hunterian Professor of 

Anatomy and Physiology, Fellow and Conservator pf the Museum of the Royal 
. College of Surgeons of England. Hon. Fellow of the Royal Coll, of Surgeons 
of Ireland. Hon. M.R.S.Ed., Iflstit Sc. Paris. Cqrresp., Acadd. Imp. Scient. 
Yin dob., et Petrop^ Soc. Imp* Sc. Nat. Hist. Mosq. Socius.—Acadck Reg. 
Scient. BeroL, et Taurin., Madrid., Holm*, Mouach^, Neapol., Bruxeik i et 
Bonpn*, Instit. Reg. Sc, Amstelod*, Socc. Reg* Sc. Hafn., et Upsak, Acad. $e. 
Societ. Philomath. Paris, Corresp., Imp. Geor, Floreot,, Socc. Sc. Harlem., Tra- 
jeetin., Phys. et Hist. Nat. Genev., A^cadd. Lyno. Rom®, Patav., Panora., 
Gioen. Socc. Nat. Scrutat. Berolin., Wetter., Philad, ,N«v*-Ebor., Boat., Acad. 
Reg. Med. Paris. Soc. Imp. et Reg, Med. Vindob* Adsocius Extraneus. Royal 
College of Surgeons, Lincoln’8-inn-fields. 

184fo Pec. 18. t Oxford, Samuel Wilberforce, Lord Bishop of, 61 Eaton-place. 

1821. Nov. 15. P. Palgravc, Sir Francis, KJL Deputy Keeper of Her Majesty’s Records. Rolls'-yard, 
Chancery-lane; and Hampstead-green. 

1821. June 21. * Paris, John Ayrton, M.D., President of the Royal College of Physicians, 

27 Dover-street. 

1824. Mar. 4. P. Parish, Sir Woodbine, K.C.H. F.G.S. 5 Gfauces ter place, Poriman-square . 

1815. June 1. t Parker, Thomas Lister, Esq., F. S.A. 34 Mount-street. 

1812. Feb. 20., P. Parry, Charles Henry, M.D. 5 Bel grave-place, Brighton. 

1821. Feb. 15. P. Parry, Sir William Edward, Knt. D.C.L, Capt. 1LN- Hon. M.R.I.A. F.R.A.S. Acad. 

Imp. Sc. Petrop. Socius, Inst. Reg. Sc. Paris. Corresp. Superintendent of 
Haslar Hospital , Gosport. 

1837. Feb. 23. f Partridge, Richard, Esq. 17 New-streei, Spring-gardens. 

1816. Mar. 7. Pasley, Major-General Sir Charles William, R.E. C.B. F.R.A.S. F.G.S. 12 Norfolk* 

crescent, Ilyde-park, 

1818. Jan. 29. Peacock, Very Rev. George, D.D, Dean of Ely, F.GJS. F.R.A.S. Deanery, 

Ely . 

1833. Dec. 5. Pearson, Sir Edwin, Knt. M.A* 5 Gloucester-terrace, Ilegenfs-park. , > 

1835. April 2. t Pelly, Sir John Henry, Bart. lYmity-house. - 

1813. Feb. 11. Pemberton, George, Esq. Bainbridge Holme , Durham; and 12 I’relleck-Jcrrace, * 

Pimlico . , '; 

1827. May 24-. Pendarvcs, Edward William Wynne, Esq., M.A. F.GJS. 36 Eaton place, Belgrave - 

square; and Pendarves, Truro, Cornwall. 

1824. Nov. 18. Penn, Richard, Esq. 6 Whitehall. 

1808. Jan. 28. P, Pepys, William Haslcdine, Esq^, F.LJS, 22 Poultry. . ; 

18*1-7. Apr* 22. t Percy, John, M.D. Birmingham. 

1838. May 3. + Pereira, Jonathan, M.D. F.L.S. 47 Ptnsbury-eguare . 

1827. Feb. 1. t Pettigrew, Thomas Joseph, Esq., F.S.A* M-R-A.S. Univ. Getting. Phil. Dock--’ 
Acad. Reg. Divion. Socius. 8 SaviUe-row, 

1840. Feb. 13. t Phillimore, Joseph, LL.D. 15 College, fioqtorf -commons; afid 22 Portman^street, 

1819. Jan. 29. Pbijlipps, Sir Thorny, Bart. M*A* F.S t A. F,G<S* Hon* MR.S.L. Middl?-^ - 

Worcestershire. ; r;;^| 



Date of Election 

1834. Dec. 18. 
1834. Apr. 10. 
1822 .Mm.14. 

1848. June 9. 

184?. Apr. 16. 

1829. Apr. 9. 
1816. Feb. 29. 

1848. June 9. 
1888. Jan. 18. 

1837. Junt 8. 
1824. May 13. 
1842. Jan. 27. 
1810. Feb. 6. 

1830. May 27. 
1841. Feb. 29 

1819. June 7. 


1814. Dec. 13 

1837. Jan. 19. 
1850. June 6. 

1838. Feb. 8. 
1843. Feb. 2. P 
1817. June 12. 
1831. Feb. 0. 

1839. Feb. 21. 
1843. Feb 23. 

1822. Mar.21. P 

1823. June 12. 
1845. May 22. 
1825. Feb. 21. 


1840. Apr. 2. 

1820. Mar. 23. 
18*2. Jan. 13. 
1889. Apr. 25. P 
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Phillips, Benjamin, Esq. 17 Wimpole-street, Cavendish-*guare. 1 ** 1 *'* 

t Phillips, John, Eiiq. F.G.S. York . ' 

* Phillips, Richard, Esq., F.R.S.E. Museum of Practical Geology , Jevinyh-strieef; 

and 2 Champion-place, Grove-lane, Camberwell 
t Playfair, Lyon, Esq., Ph.D. Chemist to the Geological Survey of Great Britain. 
26 Castlenau-villas, Barries. 

t Plowden, William Henry Chicheley, Esq., F.R.A.S. 8 J)evonshire-place. 

Pole, William, Esq., M.A. 66 Brook-street. 

Pollock, The Right. Hon. Sir Frederick, Chief Baron of the Exchequer.—V ice- 
President. —M.A. F.S.A. F.G.S. Queen-square-house, Guildford-street. 
t Porrett, Robert, Esq. 49 Bemard-street, Russell-square. 

t Porter, George Richardson, Esq., M.R.A.S. Instit. Nat. Sc. Paris. Corresp. Board 
of Trade, Whitehall. 

Portlock, Lieut.-Col. Joseph Ellison, R.E. F.G.S. Cork. 

Powell, Rev. Baden, M.A. F.R.A.S. Savilian Professor of Geometry, Oxford. Oxford . 
t Pratt, Samuel Peace, Esq,, F.L.S. F.G.S. Bath. 
t Pritchard, Rev. Charles, M.A. Clapham. 

Pusey, Philip, Esq. 35 Grosvenor-square; and Pusey-house, near Faringdon, Berks . 
t Quain, Richard, Esq., Professor of Clinical Surgery, University College, London. 
23 Kejtpel-street. 

t Ramsay, Andrew Crombie, Esq., F.G.S. Professor of Geology in University College, 
London. Local Director of the Government Geological Survey of Great Britain. 
Museum of Practical Geology, Jermyn-street. 

Raslileigh, William, Esq., F.L.S. 3 Cumberland-terrace, Regent*s-park; and Menu- 
billy house, Foy, Cornwall. 

t Rastrick, John Urpatli, Esq. Sayes-court, near Chertsey. 
t Rawlinson, Major Henry Creswickc. 39 St. James*s-street. 

Read, Re/. Joseph Bancroft, M.A. Stone Vicarage, Aylesbury. 

Rees, George Owen, M.D. F.G.S. Coll. Reg. Med. Socius. 10 Cork-street . 

Reeves, John, Esq., F.L.S. F.R.A.S. Clapham . 

Reeves, John Russell, Esq., F.L.S. Clapham . 
t Reid, Lieut.-Colonel William, C.B. R.E. Woolwich. 
t Rendel, James Meadows, Esq. 8 Great George-street , Westminster. 

Rennie, George, Esq.— Vice-President. —Hon. M.R.I.A. Acad. Reg. Taurin. 

Corresp. 21 Whitehall-place. 

Rennie, Sir John, Knt. 15 Whitehall-place. 

Rennie, James, Esq. 2 AdelpH-terrace. 

Richardson, Sir John, Knt. M.D. F.L.S. Acad. Sc. Nat.Philad., Georg. Paris.Corresp. 
—Socc. Hist. Nat. Montreal, Lit. et Phil. Quebec, Hist. Nat. Boston, Socius 
Honor. Haslar-hospiial, Gosport . 

t Richmond, Charles Gordon Lennox, Duke of, K.G. President of the Royal Agri¬ 
cultural Society. 51 Portland-place; and Goodwood, near Petworth, Sussex. 
Ricketts, Charles Milner, Esq,, F.G.S. Lima . 

Riddell, Charles Janies Buchanan, Esq., Capt. R.A. Edinburgh . 

Rigg, Robert, Esq. Greenford, Middlesex . * 



24' 

IHte of Election. 

18$8.Apr. l7. V 
1836. Feb. 11. 
1796. Nov, 1*. 
1839. Dec* 5. iuw> 
1815. Mar. 16. P. 


1844. Feb. 1.. ; 
1831. June 9. 
1834, June 5. j 
1819. Apr. 1. 

1822. June 13. 
1828. Dec. 11. P. 

1831. Dec. 8. P. 


1839. Dec. 12. j 
1837. Apr. 6. 

1847. Feb. 1& 

1821. June 7. 

1817. May 6. 

1818. Apr. 16. Q. K. 


1836. Dec. 6. 

1833. Apr. 18. 
1822. June 27. 
1850. June 6. 

1824. June 17. P. 
1800. Jan. 16. 
1826. Dec. 7. 

1821. Feb. 1. 

1831.Jan. 13. 
1841. June 17. 

1840. May 7. 

1850. June 6. 


FALLOWS OFTTHE SOOIETO; (NbV.aSbD.) 

* Eiptwst, Frederick John, Earl of. Carlton-gardens. 

Robertson* Archibald, M.D. Northampton* 

Rogdra, Samuel, Esq*, F.S. A. 22St. Lames’s+plaee. 

Rogers,)John, jun. Esq. Vine-lodge, near Sevenoafa, Kent* 

Roget, Peter Mark, M.D. F.G.S. F.R.A.S. V.B.S.A, Coll. Reg. Med. Socius, et 
Acad. Reg. Scient. Taurin. Corresp. 18 Upper Bedford-place, Bumelt- 
square* ■ ' 

t Ronalds, Francis, Esq. Chiswick. 

Ros, Hon. I. Frederick F. de, Capt. R.N. F.R.A.S- 122 Piccadilly . 

Ros^ Sir George, Knt. 4 Hyde-park-gardens. 

Rosebery, Archibald John, Earl of, K.T. 139 Piccadilly ; and Dalmcneypark, 
Linlithgow. 

Ross, Capt> JDaniell. India. 

Ross,\ Sir \James Clark, Knt. Capt. R.N. D.C.L. F.L.S. F.R.A.S. Soc. Reg. Sc. 
Hafau Socius. Aston-house, Aston-Abbots , Aylesbury . 

Rosse, William, Earl of, M.A. K.P.—President.—T rust. Brit. Mas. F.R.A.S. 
M.R.I.A. F.G.S. F.R.G.S. F.A.S. Castle, Parsonstown, Ireland; and Heaton- 
hall , Bradford , Yorkshire. 

t Roupell, George Leith, M.D. 15 Welbeck-street. 

t Boyle, John Forbes, M.D. F.L.S. F.G.S. F.R.A.S. Professor of Materia Medica 
and Therapeutics, King’s College, London. Heathfield-lodge, Acton. 
t Rudge, Edward John, Esq., M.A. F.S.A. 52 Upper Harley-street; and Abbey 
Manor, Ever sham. 

Russel}, Jesse Watts, D.C.L. F.S.A. F.L.S. F.G.S. Ram-hall, Staffordshire. 
f Russell, Right Hon. John, Lord. Chesham-place , Belgrave-square. 

Sabine, Licut-Colonel Edward, R.A.—Treasurer and Vice President.*— 
F.R.A.S. Hon. Mem. Cam. Phil. Soc., Acadd. Imp. Sc. Petrop., Brux., Norv., 
Phil, et CEcon. Siles. Socius: Socc. Reg. Sc. Getting., Soc.: Reg. Sc. Taur. 
Corresp., Vaud., Mem. National Inst. Washington U.S. et Geogr. Paris. Corresp., 
—Mem. of Royal Batavian Soc. 11 Old Burlington-street. 

Sandford, Edward Ashford, Esq. Nynehead, Somerset. 
t Saunders, Rev. Augustus Page, D.D. Charterhouse-school. 

Sawbridge, Henry Barne, Esq. 
t Sehunck, Edward, Esq. Rochdale. 

Scoresby, Rev. William, D.D. F.R.S.E. Instit. Nat. Sc. Paris. Corresp. Torquay. 

Scott, John Corse, Esq. Edinburgh. 

Scrope, George Poulett, Esq., F.G.S. 13 Belgrave-square; and Castle Combe , Chip¬ 
penham, Wiltshire. 

Sedgwick, Rev. Adam, M.A. Hon. M.R.I.A. F.G.S. F.R.A.S. Woodwardian Lee* 
turer. Cambridge. 

Selkirk, Thomas James, Earl of. St. Mary's Isle , Kirkcudbright. 
t Seymour, Edward James, M.D. Coll. Reg, Med. Socius. 13 Charles-street , Berke- 
ley-square. 

t Sharp, William, Esq., F.G.S. F.R.A.S. Rugby. 
t Sharpe, Daniel, Esq., F.L.S. F.G.S. 2 Adelphi-terrace. 



Date of Election. 


FELLOWS OFt THE > SOCOQSTY. 


1839. May 9. 

1830. Apr. 1. 
1824. Mar. 11. 

j 

1849, June 7* ] 

1841. Mar. 4. 
1845. Jon. 9. ] 

1847. Apr. 22. 
1837. Apr. 20. 1 
1841. June 10. 
1821. May 14. 
1837. Jt&ie 1. 

1840. Jan. 9. 
1819. Nov. 25. 
1806. Fob. 13. 

1841. Nov. 18. 
1826. June 15. 1 


1843. Jan. 19, 

1807. May 7. 

1837. Jan. 19. 
1823. May 29. 

1797. Mar. 9. 
1817. Dec 11 

1815. June 5. 
1821. Feb. 15. C. 

1825. Apr. 14. 
1834. Apr. 10. 

1844. Feb, 1. 
1807. Jan, 8. 

1816. June 27. 
1830. Mar. 11. 
1803, Apr. 28. 

1845. April 3. 


2 §* 


Sharpey, William, M.D. F.R.S.E. Profeaaor of Anatomy lb University College > 
London. 35 Gloucester-Crescent, Regenfs-pOrL t f 

Sheepshanks* Rev, Richard* M.A. F.G.S. F.RjWS* 14 Londorw-oad, Read**#. "> 1 
Shuckburgh, Sir Francis, Rart. Pavilion, Hansplace, Chelsea ; and ShuoMktrtfte 3 
park , Wtrntnckshire. < 

t Sibson, Francis, M.D. 15 Lower Brook-street. 
t Sievier, Robert William, Esq. Upper Holloway . 

Simon, John, Esq., Demonstrator of Anatomy, King’s College, London. 3 Lancas¬ 
ter-}) l ace. » > 

t Simpkinson, Sir John Augustus Francis, Knt., M.A. <&C. F.S.A. 21 Beefdrdpl. 
t Skey, Frederic Carpenter, Esq. 13 Grosvenor-street. 

Smee, Alfred, Esq. 7 Finsbury-circus. 

Smith, Lieut.-Col. Charles Hamilton, F.L.S, - Plymouth. 

Smith, John T., Esq., Capt. Madras Engineers. Madras. ' 

t Smith, Rev. John Pye, D.D. LL.D. F.G.S. Guildford. 

Smith, Joseph, Esq., F.L.S. 2 Gray's-mn-place. 

Smith, Sir William, Knt. 

t Smith, Sir J. M. Frederic, Lieut.-Colonel, R.E. Chatham. 

Smyth, William Henry, Esq., Capt.R.N.— Foreign Secretary. —K.S.F. D.C.L. 
Hon. M.R.I.A. Director S.A. V.P.R.A.S.—V.P.R.E. Instil. Nat. Sc. Paris. 


P. 


Corresp., Acadd. Sc. Neap., Panorm. et Flor., Socius, Hon. Mem. Acad, of 
Sciences Boston, CorreBp. Mem. National Inst. Washington and Naval Lyceum 
of New York. 3 Cheyne-walk, Chelsea. 

t Solly, Edward, Esq., Professor of Chemistry, Horticultural Society, F.S.A. F.L.S. 
F.G.S. 15 Tavistock-square; and Parkston, near Poole. 

* Solly, Richard Horsman, Esq., M.A. F.S.A. F.L.S. F.G.S. 48 Great Ormofod- 

street. 

t Solly, Samuel, Esq. 1 St. Helen’s-place, Bishops gat e-street. 

Solly, Samuel Reynolds, Esq., M.A. F.S.A. F.G.S. Surge-hill, King’s Langley, 
Herts. 

Somerset, Edward Adolphus, Duke of, K.G. D.C.L. F.S.A. F.L.S. Park-lane. 
Somerville, William, M.D. F.R.S.E. F.L.S. F.G.S. 

Sopwith, Thomas, Esq., F.G.S. Allenheads, Haydon-bridge , Northumberland. 
South, Sir James, Knt. F.R.S.E. Hon. M.R.LA. F.L.S. F.R.A.S. Acadd. Imp. Sc # 
Petrop, ct Reg. Sc. Brux. Socius. The Observatory, Camden-hill, Kensingtons" 
Southey, Henry Herbert, M.D. D.C.L. Coll Reg* Med. Sodus. 1 Harley-street. 4 
t Spence, William, Esq., F.L.S. Soc. Linn. Holm. Soc. 18 Lower Seymour-street. 1 
t Stanford, John Frederick, Esq., M.A. Foley-house, Portland-place . 

* Stanhope, Philip Henry, Earl. Chevening-place, Kent. 

Stanhope, John Spencer, Esq. 51 Harley-street. 

Stanley, Edward, Esq. 23 A, Brook-street. 

Staunton, Sir George Thomas, Bart. D.C.L* F.8.A. F.L.S. 17 Devonshire-street, 
Portland-place; and Leigh-park, Hants . 

f Stebbing, Rev. Hettry, D.D. F.R.B.S. Residence, St. James’s-chapel, Hampstead* 
road. 


D 
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Date of Election. 

1848. June 0. P. 
1882. April 5. 

1849. June 7. 
1829. Jan. 15. 
1811. Nor. 21. 

1838. May 8. 

1821. Jan. 18. 

1810. June 7. 

1825. Feb. 3. 

1821. Mar. 8. 

1832. June 7. 

1846. June 18. 
1828. Mar. 13. 
1820. Dee. 14. 

1839. Mar. 14. 
1818. Feb. 26. 

1834. Feb. 6. P. 

1839. Apr. 25. 

1835. June 4. 

1831. Mar. 17. 
1831.Mar.l7.^ 

1835. Feb. 5. 

1845. Nor. 20. 

1825. May 5. 

1836. Jan. 21. 
1834. June 5. 

1833. Dec. 5. 

1845. June 19. 

1846. Jan. 22. 
1828. Nov. 20. 
1848. June 9. 

1811. Mar. 28. P. 
1810. June 7. 


FELLOWS OF THE SOCIETY. (Net. 1850.) 

Sterihouse, John, Ph.D. LL.D. F.R.S.E. Provon-place* Glasgow. 
t Stephens, Archibald John, Esq., M.A. 61 Chancery-lane. 

Stephenson, Robert, Esq., F.G.S. 84 Gloucester-square. 

Steuart, John Robert, Esq., M.R.A.S. 

Stevenson, William Ford, Esq., F.S.A. 

Stirling, Edward Hamilton, Esq. Calcutta. 

Stokes, Charles, Esq., F.S.A. F.L.S. F.G.S. F.R.A.S. 4 Verulam-buildings, 
Gray* 8-inn. 

Straoey, Sir Edward, Bart. LL.D. Rackheath-hall, Norfolk. 

Strangford, Percy Clinton Sydney, Viscount, G.C.B. G.C.H. D.C.L. F.SA. 68 
Harky-street . 

Strangways, Hon. William Thomas Horner Fox. 31 Old Burlington-street ; and 
Abbotsbury, Dorsetshire. 

t Stratford, William Samuel, Esq., Lieut. R.N. F.R.A.S. Superintendent of the 
Nautical Almanac. 6 Notting-hill-square , Kensington. 

Sutherland, Alexander John, Esq., M.D. Coll. Reg. Med. Socius, Senior Physioian 
to St. Luke’s Hospital, F.G.S. M.R.C.S. 1 Parliament-street. 

Sutherland, Alexander Robert, M.D. Coll. Reg. Med. Socius, F.G.S. 1 Parliament- 
street; and Torquay. 

Swainson, William, Esq., F.L.S. Soc. Hist. Nov.-Ebor. Socius.—Soc. Hist. Nat. 
Paris. Corresp. Wellington , New Zealand. 
f Swanston, Clemsnt Tudway, Esq., F.S.A. 51 Chancery-lane. 

Swinburne, Sir John Edward, Bart. F.S.A. 18 Grosvenor-place. 
t Sykes, Lieut.-Colonel William Henry, Hon. M.R.I.A. F.G.S. M.R.A.S. 47 Albion- 
street, Hyde-park. 

t Sylvester, James Joseph, Esq., M.A. F.R.A.S. 26 IAncolrts-inn-fields. 
t Symonds, Sir William, K.H. Capt. R.N. Yarmouth , Isle of Wight . 

Talbot, Christopher Rice Mansel, Esq. Mar gam , Glamorganshire . 

Talbot, William Henry Fox, Esq., F.L.S. Lacock-abbey , near Chippenham . 
t Tattam, The Venerable Archdeacon, D.D. M.A. M.R.S.L. 

t Taylor, Alfred Swaine, M.D. Lecturer on Chemistry and Medical Jurisprudence at 
Guy’s Hospital. 3 Cambridge-place , Regent*8-park. 

Taylor, John, Esq., F.L.S. Sheffield-house , Church-street , Kensington. 
t Taylor, Rev. William. 

Teignmouth, Charles John, Lord, D.C.L. Clifton. 

Terry, Charles, Esq., F.S.A. 

Thesiger, Sir Frederick, Knt. 11 Bryanstone-square ; and 2 King's*bench-walk. 
Temple. 

t Thompson, Theophilus, M.D. 3 Bedford-square. 

Thompson, Lieut.-Colonel Thomas Perronet, M.A. EHot-vale, Blackheath . 
t Thomson, Allen, M.D. F.R.S.E. Professor of Anatomy in the University of Glasgow. 
Glasgow. 

Thomson, Thomas, M.D., Regius Professor of Chemistry, Glasgow, Hon. M.R.I.A. 
F.R.S.E. F.L.S. F.aS. Glasgow. 

Thornton, Right Hon. Sir Edward, G.C.B. Wembury-house, Plymouth . 



Date of Election. 


FELLOWS OF THE SOCIETY. {Novrmfk) 


1884. Apr. 10. 
1889. May 80. 

1841. Feb. 25. 

1885. April 2. 
1838. Feb. 8. 


1850. June 6. 

1821. Mar. 21. 
1818. Mar. 12. 
1818. Bee. 17. 
1842. Nov. 17. 

1822. Nov. 7. 

1842. Mar. 10. 

1823. May 29 

1815. Nov. 16. 
1822. Nov. 14. 

1843. May 18. 
1815. Apr. 10. 
1817. June 5. 
1831. Mar. 17. 
1821. May 24. 

1802. Dec. 9. 


1&39. May 9. 
1838. Apr. 5. 
1838. Feb. 8. 
1831. June 5. 
1838. Mar. 15. 

1820. Apr. 13. 

1821. Dec. 13. 

1830. May 6. 

1823.Jan. 9. 

1826. June 8. j 
1828. Apr. 17.1 ? 

1831. Mar. 3. 


t Thornton, Henry Sykes, Esq., M.A. Batter sea-rise, Surrey, 
t Thorp, The Venerable Charles, D.D. Archdeacon of Durham and Warden of the 
University of Durham. Durham . 
t Tierney, Rev. Mark Aloysius. Arundel , Sussex, 

Tite, William, Esq., F.S.A.* 42 Lowndes-square, 
f Todd, Robert Bentley, M.D. Coll. Reg. Med. Socius, Professor of Physiology 
and General Anatomy, King’s College, London. 3 Newstreet, Spring-gar¬ 
dens. 

Tomes, John, Esq. 41 Mortimer street, Cavendish-square, 

Tooke, Thomas, Esq. 81 Spring-gardens. 

Tooke, William, Esq., Treas. R.S.L. V.P. Soc. Arts. 12 Russellsquare. 

* Torrens, Lieut.-Colonel Robert. Reform-club , Pall-mall, 

Towneley, Charles, Esq. 3 Tilneystreet, Park-lane . 

Townley, George, Esq. 6 L, Albany . 

Toynbee, Joseph, Esq. 18 Saville-row, 

Traherne, Rev. John Montgomery, M.A. F.S.A. F.L.S. F.G.S. St, Hilary , near 
Cowbridge, Glamorganshire . 

Travers, Benjamin, Esq. 12 Brutonstreet . 

Tulk, Charles Augustus, Esq. 

Tulloch, James, Esq., F.S.A. F.L.S. 16 Montague-place, Bedfordsquare. 
t Tupper, Martin Farquhar, Esq., D.C.L. Albury , Guildford, Surrey, 

Turnbull, Peter Evan, Esq., F.S.A. Newport, Isle qf Wight, 

Turnbull, Rev. Thomas Smith, M.A. F.G.S. Blofield, Norfolk . 

Turner, Charles Hampden, Esq., F.L.S. F.G.S. 15 Brutonstreet; and RooPs-nest- 
park, Godstone , Surrey, 

Turner, Dawson, Esq., Hon. M.R.I.A. F.S.A. F.L.S. M.R.S.L. Acadd. C®s. 
Nut. Cur. et Reg. Sc. Holm, Socius. Athenaum-club; and Great Yar¬ 
mouth, 

t Tumor, Rev. Charles, M.A. F.S.A. F.R.A.S. Cheltenham. 

t Tuson, Edward William, Esq., F.L.S. 15 Harley street. 

t Tweedic, Alexander, M.D. Coll. Reg. Med. Socius. 46 Lower Brookstreet . 

Twining, Richard, Esq. 13 Bedford-place, Russellsquare. 
t Twiss, Travers, Esq., D.C.L. F.G.S. 5 B, Albany, Piccadilly. 

Tylden, Lieut.-Colonel Sir John Maxwell, Knt. Milsted, Kent. 

Ure, Andrew, M.D. F.R.A.S. 24 Bloomsbury square. 

Vetch, Capt. James, R.E. F.G.S. Corresp. Mem. Nat, Inst, Washington, U.S* 
15 Dukestreet, Westminster. i 

Vivian, John Henry, Esq., F.G.S. 2 Upper Belgravesquare; and Singleton, near 
Swansea, Glamorganshire. 

Vyvyan, Sir Richard Rawlinson, Bart. Trelowarren, Helstone, Cornwall. 

Walker, James, Esq., F.R.S.E, 23 Great Georgestreet, Westminster. frl} 

Walker, Rev. Robert, M.A. Reader in Experimental Philosophy in the University 
of Oxford. Wadham College, Oxford. y 

Wall, Charles Baring, Esq., M.A. F.S.A. M.R.S.L. 44 Berkeley square; and Nor- 
mm-court, near Stockbridge, Hampshire. 5 * 

d 2 


1830. April 1. 
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D*te of Election. 

1839. Mar. 12. 


1819. Nov. 11. 
1887. May 2$. 
1809. Feb. 16. 

1817. May 1. 

1880. Dec. 9. P. 
1836. Apr. 2. 

1845. Feb. 18. 

1834. Feb. 6. 

1818. Nov. 12. 

1827. May 24. 

1826. Mar. 9. P. 

1822. Mar.21. 

1844. Mar. 7. 

1847. Mar. 18. 

1847. Nov. 25. 

1846. Feb. 19. 

1887. May 25. 

1814. June 9. 

1840. Jan. 9. 

1836. Jan. 21. E.P. 

1820. Apr. 13. R.P. 

1842. Dec. 22. 

1835. April 2. 

1821. Mar. 8. 

1834. Dec. 18. 

1885. Apr. 2. 

1828 Mar. 6. 

1830. Apr. 22. 


HBlfcOWS OFtflfe'ftOBlHVJ v 

Wallich, Nathaniel, !*. et Ph.D.IF-.R.&8. Ftikttii&AMi'K OfJc. ej 
! -j •-.«">«M<84lb'©.Pk8k, V.P.LiS.i Dq^4)Kii a »aBaeto;T^t ^tic. |Ai*. iSoMM; Sift 
Reg. Sc. Hafn, Sorias'Acadd.Sfe.'Itote Paffte^^CReg. Sci Berolin. Corresp.; 
Acadd. Cass. Nat. Cur. et Rfeg. ■ Regl'Mei Hafri.j PhyskJgr. 

' - Nat tkjKfa Hist. |Nit 

Muk Reg.Bohem., &c.-Socius J&mtot) f 5 ffipper Gdoer-strefyt, Bedford-sguare, 

Walter, Rev. Henry, B.D. Btmmy 7) < } t;! .ihi ^ -I 

t Wahow, Rev. WiUiam, M.A. MeMeads, MrtlmmhethM#.' >j • ‘..M <■<*■ 

Warburton, Henry, Esq., M.A. 45 Cadogan-pla&i'Sktime-stredt. ; 

Warre, John Ashley, Esq. 54 Lotmdes-sqiu&e,^ ■ ■>•'* 

W*rwm, Rev. John, M.A. Grocery fCkfobridgeshire. /l'*t {■* 4 * 

t Warren, Sattiuel, Esq. Inner Tmp&4 ffobum-place. i 

t Washington, John, Esq., Capt. R.N.” FvG»S. M.R.G.S. A.I.C.E. Socc. Reg. Be. 
Hafn. Soc. Geog. Berol., et Paris Socius* 34 Chester-terrace, Regents-park, • 

Waterhouse, John, jnn.. Esq. Halifax, Yorkshire* 

Watson, Sir Frederick Beilby, K.C.H. F.S.A. New-place, Acacia-road , St* Johnh- 
wood . 

t Wavell, Major-General Arthur Goodall, K.F. K.C.S. J St. Mary Abbot Is-t err ace, 
Kensington, 

Wearer, Thomas, Esq., M.R.I.A. F.G.S. l&Stoffor&row, Pimlico; and Wood¬ 
lands, Wrington. 

Webb, Frederick, Esq., F.S.A. 

Webster, John, M.D. Coll. Reg. Med. Socius. 24 Brook-street, Grosvenor-square. 

If Webster, Thomas, Esq., M.A. 2 Great George-street, Westminster. 

+ Wellington, Arthur, Duke of, Field Marshal, K.G. Apsley-house, Piccadilly; and 
Strathfieldsaye . 

t West, William, Esq. Highfield-house, Leeds, 

t Westmacott, Richard, Esq., R.A. F.G.S. 21 Wilton-ptace, Belgrave-square. 

Weyland, John, Esq. 52 Charles-street, Berkeley-square; and Woodrising-hall, 
Norfolk. 

Whatman, James, jun., Esq. Vinters, near Maidstone , Kent, 
t Wheatstone, Charles, Esq., Professor of Experimental Philosophy, King’s College, 
London; Instit. Nat. Sc. Paris. Corresp. Lower-mall, Hammersmith. 

Whewell, Rev. William, B.D. Hon. M.R.I.A. F.S.A. F.G.S. F.R.A.S. Master of 
Trinity College, Cambridge. Lodge, Cambridge. 
t Widdrington, Samuel E., Esq., Capt. R.N. Newton-hall, Felton, Northumberland . 
t Wigram, Right Hon. Sir James, Knt M.A. F.S.A. Vice-Chancellor. 68 Portland- 
place, 

Wilbraham, George, Esq. Delamere-house, Northwich, Cheshire . 

Wilkinson, Sir John Gardner, Knt. Athenaum-club . 

Williams, Charles James Blasius, M.D. Coll. Reg. Med. Socius. ^ Holles-street, 
Cavendish-square . 

Williams, John, Esq., F.L.S. Scorrier-house, near Redruth, Cornwall. 

Willis, Rev. Robert, M.A. F.G.S. Jacksonian Professor of Natural and Experimental 
Philosophy in the University of Cambridge. Cambridge . 




D*teof Election. 

18$$* Mar. h 
1846. Feb. 6. 

r 

1796, Apr. 98, 
1864^ Apr. 19. 

1846. Feb. 19. 
1845. Feb. 6. 

1834. June 5. 
1813. Feb. 25. 
1829. Feb. 26. 
1812. Dec. 24. 
1836. Dec. 22. 
1841. May 20. 
1841. Apr. 29. 
1843. June 1. 

1841. Apr. 29. 
1839. Jan. 31. 
1849. June 7. 


FELLOWS OFr THE SOCIETY* $9 

' * { j • * > 

t Wilson, Alexander^ JSsq. 34 Bryanstone-aquare* *t j, : \ <' \' * 

K Wilson, Erasmus, JJsq., Lecturer on Anatomy and Physiology, Middlesex Hospital, 
17 Hewriettorifreetj Cavendish-square. % < - 0i jj j 

Wilson, GloeestavJEfeq. Hastings. * ^ | ' 

Wilson, Horace Hayman, Esq., M-A. M.R.AJ3* Bode#. professcjr of Sanscrit in the 
University of Oxford. 14 Upper Wimpole-stpetf, \, 
t Wilson, John, M.D. Qreenwich. •« * * * 

t Wilson, Rev. John, DJD. M.R.A.S. Hon. Pres,^Jfojsbajr/ Branch of the < RAuS. 
Bombay . f I n i. ; ^ 

Witt, George, M.D. i , 4 p K 

Wix, Rev. Samuel, M.A. F.S.A. Rectory-house, Sti Bprihofomew*i the Less* r * 
Wollaston, Alexander Luard, Esq., M.B, F.R.A.S. «■ * *. • 

* Wood, William, Esq., F.L.S. Rtdslip , near Uxbridge, x ( 
t Wood, William Page, Esq. 3 St one-buildings, IAncpkfs-inn. 
t Wood, Lieut.-Colonel Thomas. 26 Hy de-park-gar dew, 
t Woodward, Charles, Esq, 10 Compton-terrace , Islington. 

t Wright, Rev. John, M.A. F.S.A. F.R.A.S. M.R.S.L. 67 West bourne-ter race, Hyde- 
park-gardens; and The Vicarage, Malvern, 
t Wrottesley, John, Lord. Wrottesley-hall, Wolverhampton . 
t Yates, James, Esq., M.A. F.L.S. F.G.S. Lauderdale-house, Highgate . 1 
t Yorke, Colonel Philip, V.P.C.S. 89 Baton-place, Belgrave-square . 



FOREIGN MEMBERS 


X 

Louis Agassiz . Cambridge , Massachusetts. 

CD 

CO 

CD 

9—4 

c. 

" C* 
'Mm. 

Francis- Jean-Dominique Arago Paris . 

F. G. A. Argelander. Bonn. 

1818. 

1846. 



EHe de Beaumont. 

. . Paris. 

1835. 


c. 

Antoine C^sar Becquerel . 

. . Paris. 

183?. 


Km. 

Jean-Baptiste Biot. 

. . Paris * 

1815. 

Rm. 


Baron Leopold von Buch . 

. . Berlin. 

1828. 



,Francesco Carlini. 

. . Milan. 

1832. 

R. 


Augustin-Louis Cauchy. . 

. . Paris. 

1832. 



Michel-Eugene Chevreul . 

. . Paris . 

1826. 

C. 


Auguste De la Rive . . . . 

. . Geneva. 

1846. 

C. 


H.W.Dove. 

. . Berlin. 

1850. 

C. 

.fC. 

Jean Dumas.. . 

. . Paris. 

1840. 



H. Milne-Edwards .... 

. . Paris. 

1848. 


l\ 

Christian Gottfried Ehrenberg Berlin. 

1837. 


R. 

Johann Franz Encke . . . 

. . Berlin. 

40 

Cl 

00 

H 



Paul Erman. 

. . Berlin. 

1827. 



P. Flourens. 

. . Paris. 

1835. 


C. 

Karl Friedrich Gauss * . . 

. . Gottingen. 

1804. 


C. 

P. A. Hansen. 

. . Seeberg. 

1835. 

P. 


Christopher Hansteen. . . 

. . Christiania. 1839. 

R. 


Baron Alexander von Humboldt Berlin . 

1815. 

C. 


C. G. J. Jacobi.* . 

. . Konigsberg. 1833. 



A. T. KupfFer. 

St.Peter sburgh. 1846. 


C. 

U. J. J. Le Verrier. 

• . Paris. 

1847. 



Baron von Liebig. 

. . Giessen. 

1840. 

Baron von Lindenau . . . 

. . Dresden. 

1833* 

Henry Frederic Link . . . 

. . Berlin. 

1342* 

Joseph Liouville. 

. . Paris . 

1850. 

Carl Fred. Philip von Martius Munich. 

1838. 

Macldonie Melloni . . . . 

. . Naples. 

1839. 

C. F. Brisseau Mirbel . . * 

. . Paris. 

1837. 

Eilert Mitscherlich . . . . 

. * Berlin. 

1828. 

Johann Muller. ...... 

. . Berlin. 

1840. 

Jens Christian Oersted . . 

. . Copenhagen . 1821. 

George Simon Ohm.... 

. . Nuremberg. 

1842. 

Baron Giovanni Plana. . . 

. . Turin. 

1827* 

Jean Victor Ponoelet . . . 

. . farit. 

1842. 

G. de PonU;coulant . . . . 

. . Paris . 

1833. 

J. JE. Purkinje. 

. . Breslau. 

1850. 

Lambert Ad olJacquesQudtelet Brussels. 

1839. 

Carl Ritter. 

. . Berlin . 

1848. 

Henry Rose. 

. . Berlin. 

1842. 

0. A. Rosenberger. 

. . Halle. 

1835. 

Heinrich Christian Schumacher Altana. 

1821. 

FriedrichGeorgWiihelmStruve Pttlkowa. 

1827* 

Jacques CharlesFran^oisSturm Paris . 

1840* 

Le Baron Thenard. . . • • 

. . Paris . 

1824. 

Friedrich Tiedemann . . . 

. • Heidelberg. 

1832* 

Wilhelm Weber. 

. • Leipsic. 

1850. 








































THE LAST ANNIVERSARY 



'Thtwm Amyot, Esq. 

Sir Felix Booth, Bart. 

Sir Mark Isambard Brunei. 

John Caldecott, Esq. 

William James Frodsham, Esq. 

The Venerable Archdeacon Jennings, D.D. 
Rev. William Kirby. 

Lieut-Col. George Miller, C.B. 

Captain Thomas John Newbold. 

Right Hon. Sir Robert Peel, Bart. 


On the Bern List. 

Right Hon. Lord Petre. 

Alexander Philip Wilson Philip, M.D. 
William Prout, M.D. 

Sir Martin Archer Shee. 

James Smith, Esq. 

Right Hon. Lord Stanley of Alderle; 
Captain Owen Stanley, R.N. 

James Thomson, Esq. 

William Vaughan, Esq. 


On the Foreign List, 

H. M. D. de Blainville. | Joseph Louis Gay-Lussac. 


DEFAULTERS. 

John Burnet, Esq. | Right Hon. the Earl of Mountcashell. | John Scott Russell, Esq. 


FELLOWS ELECTED SINCE THE LAST ANNIVERSARY (Nov. 30, 1849). 


On the Home List . 


Date of Election. 

1650. June 6. 

William Henry Barlow, Esq. 

Date of Election. 

I860. June 6. 

1650. June 6. 

George Busk, Esq. 

1850. June 6. 

1850. June 6. 

Thomas BUzard Curling, Esq. 

1850. June 13. 

1850. June 6. 

George Edward Day, M.D. 

1850. June 6. 

W 1850. June 6. 

Warren De la Rue, Esq. 

1850.June 6. 

1850. June 6. 

William Fairbaim, Esq. 

1850.June 6. 

1850. June 6. 

Robert James Graves, M.D* 

1850. June 6. 

• 1866. June 6. 

Captain Levett L&nden Boscawen 

1850. June 6. 


Ibbetson. 



Charles Handheld Jones, M.B. 
James P. Joule, Esq. 

Right. Hon. Lord Londesborough. 
John Fletcher Miller, Esq. *' 

Major Henry Creswicke Raw Unsop 
Edward Schunck, Esq. 

Daniel Sharpe, Esq. 

John Tomes, Es^. 
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